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EXECUTIVE SUMMARY

This report provides a summary and evaluation of geotechnical instrumentation of the Black-
water Dam in Webster, New Hampshire. The Blackwater Dam was constructed for flood control
purposes and is a combination earthfill embankment and concrete gravity dam.

Geotechnical instrumentation at the dam consists of four crest monuments and a brass disc set
in a concrete wall at the intake structure and six piezometers. Plate 6 shows the locations of the
geotechnical instrumentation.

Crest Monuments

Four crest monuments and the brass disc on the intake structure (Mons. 1 through 5, labeled by
station) were installed in October 1975. There are also four control points labeled A, B, C, C-1
composed of brass discs set in ledge or concrete. Surveys for horizontal control were performed
by the Corps of Engineers (COE) in 1978, 1986, 1991, and 1996. However, due to changes in
surveying methods, only the 1991 and 1996 surveys are directly comparable with respect to
horizontal movement. Vertical movement surveys were performed in 1975, 1978, 1986, 1991,
and 1996. Vertical movement data are comparable for all five surveys. Survey data are
presented on Plates 10 and 11. Computed horizontal and vertical movements were small with
a maximum horizontal movement of 0.16 foot (1.9 inches) between 1991 and 1996. Given the
resultant direction of the movement, the movements recorded at other crest monuments, and the
fact that visual inspections by the COE have shown no evidence of adverse movements at the
dam, this amount of movement is not considered significant. The maximum net vertical
movement recorded since 1975 is 0.059 foot (0.71 inch) of settlement at monument 10+05.738.
This amount of settlement is considered to be insignificant.

Piezometers

The COE installed six piezometers in the embankment to comply with COE guidelines
recommending minimum instrumentation for COE dams. The piezometers were installed at
about Station 7+60. Two piezometers were installed in a borehole located on the upstream slope,
two in a borehole located on the crest, and two in a borehole located on the downstream slope.
The piezometer locations are shown on Plate 6. Table 1 gives the station, offsets, boring
numbers, and elevations of key piezometer features. Plates 7, 8, and 9 give the engineering logs
of the boreholes and piezometers. Plates 12 and 13 show a cross section through the dam at
Station 7+60 showing the piezometer locations and piezometer data. Boring logs, piezometer
logs, and the results of the falling head tests on the piezometers are shown as Plates A.1 through
A.49.

Q GEI Consultants, Inc.
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The COE project personnel measured piezometer pore water elevations according to the reading
schedule provided as Plate B.3 since November 1994. Table 2 lists measured pore water depths
in the piezometers from October 1994 through April 1997. Table 3 lists measured pore water
elevations in the piezometers from October 1994 through April 1997. Table 3 data are plotted
as time histories on Plates C.1 and C.2. The piezometer time history data for the high pool event
in April 1996 are shown on Plates D.1 and D.2. Plots of piezometer pore water elevation vs.
pool elevation are shown on Plates E.1 through E.6.

An average piezometer pore water elevation was calculated for each piezometer based on the
monthly data excluding the daily data collected during high pool periods. Table 4 lists the
selected piezometer data used to calculate the average piezometer levels along with the
calculated averages. Based on the plots of piezometer pore water elevation vs. pool elevation,
projections were made of the likely piezometer pore water elevations for a flood pool at spillway
crest. These projections are shown on Plates E.1 through E.6 and are listed in Table 5. Plate 13
shows the average piezometer levels, the maximum piezometer levels recorded during the April
1996 high pool event and the projected piezometer levels for a flood reaching spillway crest.

Conclusions and Recommendations

Based on past performance of the dam and on the performance of the instrumentation to date,
the Blackwater Dam appears to be suitably instrumented. Existing instrumentation indicates that
the dam embankment is functioning suitably relative to seepage and crest movements.

Comparison of data between 1991 and 1996 indicates displacements in the range of 0.08 to
0.16 foot (1 to 2 inches). The displacements are mostly in a northerly direction, which is almost
along the axis of the dam. The crest monument data show that movements are generally small
and, taken together with past COE visual inspection reports indicating no evidence of adverse
movements, can be considered insignificant.

The crest monuments should continue to be surveyed and evaluated on the current schedule of
once every five years just prior to the periodic inspection.

The piezometer data only cover one cross section and have only been collected for 2-1/2 years.
However, the data collected to date indicate that the dam is functioning as expected. Piezometer
data from deep piezometers indicate water levels close to those that would have been found in
the ground prior to construction. The upstream piezometer in the embankment, PZ-1B, shows
water levels that rise with rising pool levels, although there was considerable scatter in the data.
The readings obtained from piezometer PZ-1B fluctuated more than would be expected, and thus
this piezometer should be investigated and, if needed, replaced. Data from the two downstream

—
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embankment piezometers indicate that the impervious core is working to cut off the downstream
side of the embankment from the pool. We consider the number of piezometers installed to be
adequate, unless physical evidence of unusual seepage patterns observed in the future indicates
the need for additional instrumentation.

The current schedule of monitoring the piezometers is adequate.

@ GEI Consultants, Inc.
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PREFACE

Purpose and Scope

This report provides a summary and evaluation of geotechnical instrumentation of the Black-
water Dam in Webster, New Hampshire.

GEI performed the following work:

a)

b)

c)

d)

g)

Reviewed Periodic Inspection Reports 1 through 5 and data provided by the U.S. Army
Corps of Engineers (USACE) on August 19, 1997. (Tasks 1 and 2)

Prepared an instrumentation general plan in a Microstation drawing file. (Task 3)

Prepared drafted engineering logs and piezometer logs, profiles, and cross sections in
Microstation drawing files. (Tasks 4 and 5)

Prepared Lotus 1-2-3 plots of piezometer data. (Task 6)
Prepared a phreatic surface plan in a Microstation drawing file. (Task 7)

Prepared survey data and horizontal and vertical movement plots in Microstation drawing
files. (Task 8)

Prepared this report summarizing Tasks 1-8. (Task 9)

Project Personnel

Gillian M. Gregory Project Manager
Carolyn Lewis Civil Engineer
Dana MacLeod Lead Drafter

R. Lee Wooten In-House Reviewer

Elevation Datum

All elevations in this report are referenced to National Geodetic Vertical Datum (NGVD).
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Limitations

Our professional services for this project have been performed in accordance with generally
accepted engineering practices. No other warranty, expressed or implied, is made.

—
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1.0 PROJECT PERFORMANCE

Based on visual observations reported in past reports (Refs. 1 through 5') and a review of the
instrumentation data, the performance of the dam is considered to be good. The crest monument
survey data indicate that very little vertical movement occurred during the 21-year period from
1978 to 1996 (0.06 foot of settlement to rise of 0.01 foot). Data obtained from horizontal
movements could be compared only between 1991 and 1996 due to a change in survey method
and the replacement of control points in 1991. However, horizontal movements appear to be
very small (0.08 to 0.16 foot over the period 1991 to 1996). Data from piezometers installed
during 1994 indicate that groundwater levels in the foundation remain close to those that would
have been found in the ground prior to construction. Piezometric levels in the embankment
upstream of the impervious core fluctuate with changes in pool level as would be expected. The
water levels in the embankment downstream of the core indicate that the impervious core is
working to cut off the downstream side of the embankment from the pool.

IReferences are listed at the end of the text.

p—

@ GEI Consultants, Inc.



Instrumentation Appendix to Periodic Inspection Report No. 6

Blackwater Dam, Department of the Army CENAE
November 1997

2.0

2.1

GENERAL PROJECT DESCRIPTION
History
2.1.1 General

The Blackwater Dam and Reservoir are part of a system of five dams and reservoirs that
have been constructed to provide flood control on the Merrimack River Watershed in the
states of New Hampshire and Massachusetts. This system of dams and reservoirs
provides protection for the lower reaches of the river including the cities of Concord,
Manchester, and Nashua in New Hampshire and Lowell, Lawrence, and Haverhill in
Massachusetts.

The Blackwater Dam and Reservoir are located in the Town of Webster, New
Hampshire, on the Blackwater River 8.6 miles above its confluence with the Contoocook
River, which is a major tributary of the Merrimack River. It was the second project to
be constructed in the system of flood control reservoirs in the Merrimack River Basin.
These projects were authorized by Section 5 of the Flood Control Act approved on
June 22, 1936, which was subsequently modified by Section 4 of the Flood Control Act
approved on June 28, 1938. A definite project report on the Blackwater Dam was
submitted on September 15, 1939 and modified by a revised report that was submitted
on December 16, 1939 and was approved on January 18, 1940. These Acts provided for
a system of flood control reservoirs on the Merrimack River and its tributaries. The first
reservoirs constructed were the Franklin Falls Dam and Reservoir on the Pemigewasset
River and the Blackwater Dam and Reservoir on the Blackwater River. Construction of
the Blackwater Dam started in the spring of 1940 and was completed in November 1941.

2.1.2  Past Flood Events

a. April 1996 Flood: During April 1996, the reservoir level reached an elevation
of 550.0, its highest level during the period October 1994 through April 1997.
This elevation represents a stage of 35.0 feet, 16 feet below spillway crest (24%
full). The reservoir level also reached El. 550.0 during October 1996, but the
flood event was of shorter duration.

b. April 1987 Flood: During April 1987, the embankment was subjected to its
highest impoundment to date with a maximum water surface elevation of
564.1 feet NGVD, 49.1 feet stage (1.9 feet below spillway crest), 90 percent
full. An Emergency Response Team from Geotechnical Engineering Branch

@ GEI Consultants, Inc.
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2.2

inspected the dam during the event and prepared a First Impressions Report.
The observations were that the dam embankment and dikes were in generally
good condition and performing satisfactorily. There were audible sounds of
seepage under the rock fill between Stas. 7+00 and 7+50 about 10 feet up the
slope of the downstream toe. Small amounts of seepage accumulation appeared
in the old river channel, but there were no signs of sediment transport. There
were no signs of boils along the downstream toe or indications of movement of
the slopes.

C. June 1984 Flood: During May-June 1984, the embankment was subjected to its
third highest impoundment with a maximum water surface elevation of
556.2 feet NGVD, stage 41.2 feet (9.8 feet below spillway crest), 48 percent
full.

d. April 1969 Flood: During April 1969, the embankment was subjected to its
second highest impoundment with a maximum water surface elevation of
561.6 feet NGVD, stage 46.6 feet (4.4 feet below spillway crest), 74 percent
full.

Geology and Foundations
2.2.1 General

The Blackwater Dam site is located in the north central Merrimack River Basin in the
center of Merrimack County, New Hampshire. The dam impounds water from the
Blackwater River, a major tributary of the Contoocook River, which, in turn, flows into
the Merrimack River. Physiographically the area is located in the New England upland
section. Elevations range from around 500 feet (NGVD) at river level to over 800 feet
(NGVD) on the nearby hills. The river valley at the site is asymmetric with the river
channel in a rock gorge against the left valley wall, which rises abruptly. A secondary
channel exists to the right of the rock gorge; this is a broad, shallow flood channel.

The overburden on both abutments is a sandy glacial till, and the valley fill is an alluvial
deposit consisting generally of gravelly sands. The flat valley upstream of the dam may
be sediments of a former glacial lake caused by a natural damming from glacial debris.

The local bedrock consists of granite and gneiss and is near the contact of a gneissic
facies of the Devonian Littleton Formation, which has been intruded by the Kinsman
Quartz Monzonite.

p—
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2.2.2  Site Geology

At the dam site the river flows in a narrow bedrock gorge, about 20 feet in depth, located
along the base of the left abutment. The adjacent valley is about 600 feet wide and has
generally been eroded to bedrock by overflow of flood discharges from the main river
channel. Bedrock is either exposed or accessible over the entire valley bottom, rarely
exceeding 15 feet in depth. Bedrock is exposed on the east bank of the river, plunges to
about 15 feet below the till at the extreme left abutment, and is generally shallow
downstream of the centerline. However, upstream from the dam centerline the bedrock
dips, with the overburden varying to about 40 feet in depth beneath the upstream toe.
The overburden on the right abutment is a sandy glacial till containing some silt and
numerous cobbles and boulders. The left abutment is quite variable, ranging from
slightly silty sand to very silty sand and gravel with numerous boulders. The overburden
downstream from the centerline of the dam consists of a shallow alluvial deposit ranging
from a fine silty sand to gravelly sand with numerous cobbles and boulders. Upstream
of the centerline, the overburden consists generally of a uniform silty fine sand with some
fine sandy silt and fine to medium sand.

The bedrock at the site is a coarse crystalline granite, with gneissic inclusions and quartz
veins. The bedrock is structurally sound except for the top few feet of weathering. An
ancient and inactive fault striking N 28 degrees E is located about 100 feet downstream
of the dam centerline and dips 45 degrees SE. Three joint sets are present; two of these
are major sets well developed in the gneiss and trending about N-S and E-W and are
frequently intruded with granite. These joints are nearly vertical. The third set strikes
about N 45 degrees E and dips about 55 degrees SE. The bedrock is fractured to the
degree that a careful grouting program was required to prevent seepage beneath the dam
embankment. Pressure testing of the drill holes revealed some of the joints were
sufficiently open to lose water at a rate of 14 gallons per minute at depths ranging from
20 to 75 feet. Rock grouting was done at several locations along the dam centerline. The
grout holes were 2.5 inches in diameter and drilled 5 feet between centers at alternating
depths of 20 and 40 feet.

.
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2.3  Dam and Appurtenant Structures Description

The Blackwater Dam is a combination earthfill embankment and concrete gravity dam. The
maximum height of the dam is 65 feet. The crest of the embankment is at elevation 584.0 feet
NGVD and is 38 feet, 10 inches wide and 875 feet in length. The spillway crest is at elevation
566.0 feet NGVD and is 242 feet in length. The dam has an upstream slope of 1 on 3 and a
downstream slope of 1 on 2.5. There are also two earthfill dikes in the upper reaches of the
reservoir.

The earthfill embankment consists of a rolled earthfill section with an upstream zone of dumped
rock fill and a small downstream rock toe. The right abutment and a major portion of the dam
is composed of this earthfill structure with a rock blanket on the upstream slope and a grass
surface on the downstream slope. The earth fill contains a central core of compacted impervious
fill flanked by compacted pervious fill zones. The impervious fill extends to the surface of the
grouted bedrock for the full length of the embankment and is a very silty sandy glacial till
containing about 10 percent clay particles. Pervious fill material consists primarily of a silty
sandy glacial till with some gravel sizes and also of suitable material from the required
excavations. The downstream pervious fill zone is underlain by a 3-foot-thick sand and gravel
drainage blanket leading to the downstream dumped rock toe to control any seepage through the
bedrock and impervious core. Materials for the rock fills were obtained from the required rock
excavation and by culling boulders out of the borrow areas.

The central portion of the dam is a concrete non-overflow section that was constructed with a
16-foot, 0-inch diameter penstock as part of provisions for a future power installation. This
penstock was filled in with a precast concrete plug as part of the construction contract. The left
section and abutment is a concrete ogee weir overflow section. There are three 3'6" x 5'3" gated
flood control outlets in the overflow section. Normally, these gates are set in the open position
to provide for the unrestricted flow of the river. The dam as constructed also had a 3'6" x 6'6"
ungated outlet to discharge the normal river flow. This outlet was permanently plugged with
concrete in July 1951 to increase the effectiveness of the reservoir during flood regulation.

There are also two earthfill dikes in the upper reaches of the reservoir, the Dodge Estate Dike
and the Little Hill Dike. These two dikes are rolled earth similar to the dam embankment.
Dodge Estate Dike has a maximum height of 18 feet and is founded on a moderately compact,
well graded, silty, sandy glacial till overlying bedrock to a depth of about 50 feet. Little Hill
Dike has a maximum height of 38 feet and is founded on variable, silty to gravelly glacial till
containing numerous boulders with a cut-off trench to bedrock at a depth of 5 to 15 feet.

@ GEI Consultants, Inc.
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3.0 INSTRUMENTATION
3.1 Crest Monuments

Instrumentation to monitor embankment performance at the Blackwater Dam consists of four
crest monuments and a brass disc set in a concrete wall at the intake structure. There are also
four control points at locations off the embankment. There is no instrumentation on either the
Dodge Estate Dike or the Little Hill Dike. The four crest monuments are located along the
centerline of the dam embankment crest (Plate 6). The monuments were installed in October
1975, and post-installation surveys were performed in 1978, 1986, 1991, and 1996 by Corps of
Engineers (COE) New England Division Surveyors. The depth and composition of the monu-
ments is unknown, except for the brass discs in place on the surface. It is assumed that the
monuments are 5 feet in depth and composed of 4-inch-diameter PVC pipe filled with concrete
and steel reinforcing bar. The monuments are labeled as follows: Mon. 1 (Sta. 2+91.639),
Mon. 2 (Sta. 4+90.558), Mon. 3 (Sta. 6+89.537), and Mon. 4 (Sta. 8+88.550). The brass disc
at the intake structure is labeled Mon. 5 (Sta. 10+05.738). The four control points are labeled
A, B, C, and C-1 and are composed of brass discs set in ledge or concrete (Plate 6). Control
points A and B are along the line of sight of the crest monuments, one at each abutment. Control
points C and C-1 are downstream of the dam. The current standards and procedures employed
by COE Surveyors for crest monument surveys are shown on Plates B.1 and B.2.

3.2 Piezometers

Piezometers were installed in the embankment in July 1994 to comply with COE regulations
regarding minimum instrumentation at COE dams (Ref. 5). The locations of the piezometers are
shown on Plate 6. Two piezometers were installed in each of three boreholes drilled along a
cross section at approximately Sta. 7+60 (PZ-1A&B, PZ-2A&B, and PZ-3A&B). Within each
borehole, one piezometer was installed near the interface between the embankment soils and
foundation soils, and one was installed within the foundation soil or rock (Table 1 and Plate 12).
Boring logs and piezometer installation logs are shown on Plates A.1 through A.49. Graphic
logs for the three borings and six piezometers are shown in Plates 7-9. All piezometers are
Casagrande-type with 3/4-inch PVC riser pipes and are manually read using an M-Scope Water
Level Indicator. Data collection commenced in October 1994.

Q GEI Consultants, Inc.
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4.0

4.1

DATA COLLECTION, INTERPRETATION, AND EVALUATION
Crest Monuments
4.1.1 Data Collection

Results of crest monument surveys, including elevations and horizontal coordinates of
crest monuments, control points, and the brass disc at the intake structure, from 1975,
1978, 1986, 1991, and 1996, are shown on Plates 10 and 11. Plate 10, Crest Survey
Monuments, General Layout, shows results including distances between control points
and crest monuments as well as coordinates for these points from the survey performed
in 1996. Elevations of crest monuments and the brass disc at the intake structure from
all surveys are also included. A graphical depiction of vertical displacement for each
monument and the horizontal displacement since 1991 are shown on Plate 11.

4.1.2 Interpretation and Evaluation

The 1986, 1991, and 1996 surveys utilized an electronic distance meter (EDM) with
Third Order, Class II accuracy (1:5000) for horizontal measurements and Third Order,
Class I accuracy (1:10,000) for vertical measurements according to the standards and
procedures outlined in Appendix B, Standards for Settlement Surveys. The 1975 and
1978 surveys used different instruments and procedures. Vertical data from all five
surveys are comparable, but horizontal data are not.

The surveys indicate that the maximum vertical movement occurred at crest monument
3 (Sta. 6+89.537) and was equal to 0.084 foot (1.008 inches) of rise, occurring between
1975 and 1978. However, the total survey period is 21 years, and the most recent survey
from 1996 shows the rise at this monument equal to only 0.013 foot (0.156 inch) for the
21-year period from 1975 to 1996. This indicates an apparent settlement of this
monument from 1978 to 1996. Maximum settlement occurred at crest monument 4
(Sta. 8+88.550) and was equal to 0.035 foot (0.42 inch), occurring between 1975 and
1996. Other monuments showed lesser amounts of rise or settlement. The brass disc at
Mon. 5 (Sta. 10+05.738) had a settlement of 0.059 foot (0.708 inch).

The rises and settlements just described are within the margin of error for the survey
methods used, and it is likely that no rise or settlement actually occurred. The magnitude
of any of the vertical movements are so small that they may be considered negligible,
regardless of whether the movements are considered actual rise or settlement of the
embankment or of the monument itself.

p— 3
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4.2

The four surveys also determined horizontal positions for the crest monuments and
control points. However, the 1986, 1991, and 1996 surveys reported positions in the
State Plane Coordinate System and used averaged field angles and EDM distances to
calculate horizontal coordinates. Earlier surveys used EDM distances with calculated
angles. Error will be introduced if 1986, 1991, or 1996 horizontal data are compared
with earlier data; the two methods are not compatible and do not provide comparable
results. In addition, 1986 and 1996 horizontal data are not directly comparable as the
control points all changed for 1991 due to the loss of the earlier points. Therefore, only
1991 and 1996 horizontal coordinates are included in this report.

Based on the survey data from 1991 and 1996, the greatest horizontal movement of a
crest monument is 0.16 foot (1.9 inches) at Mon. 1 over the five-year time period. All
movements tended to be in a northerly direction, along the axis of the dam (Plate 11).
This amount of movement is small when the survey accuracy is taken into account.

It has been noted in the previous periodic inspections of this dam that there was no
physical evidence of movement at any crest monument, such as slumps, scarps, cracks,
or depressions. These would be expected if significant movement had taken place in the
embankment. Although survey data are inconclusive, the lack of any physical mani-
festation of movement leads to the conclusion that no significant horizontal movement
of the embankment has occurred.

Piezometers
4.2.1 Data Collection

a. Location Maps: A general plan of the project showing the location of the active
piezometers and the corresponding identification number for each piezometer
is provided to project personnel to eliminate identification and data recording
inaccuracies.

b. Data Collection Tables: A table listing the piezometer identification number,
stationing and offset, as well as piezometer top and tip elevations is also
provided for recording and submitting piezometer readings.
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Reading Schedule (See Plate B.3): Piezometer monitoring at Blackwater Dam
has been maintained by project personnel since the installation of the
piezometers in 1994. The minimum piezometer reading schedule presently in
effect is as follows:

(1) Routine: During periods when the reservoir is at or below the 20-foot stage
(EL 535 feet NGVD), readings should be made by the project manager at least
once a month. Along with these readings, the previous 24-hour rainfall, time of
reading, and pool stage should be recorded. When access to instruments is made
hazardous by snow or ice, the readings may be deferred until safe access is
possible.

(2) High Pool: During periods when the reservoir level (includes rising and
falling pools) is above the 20-foot stage, readings should be made on a daily
basis. Pool elevations, time of reading, and previous 24-hour rainfall should be
recorded simultaneously with piezometer readings. On a falling pool, piezom-
eter readings should continue for approximately five days after the pool has
returned to 5-foot stage (EL 520).

Special Conditions: If unusual changes in readings develop or if piezometers
become inoperable, Geotechnical Engineering Division should be contacted.

Readings obtained from the piezometers are compiled in Table 2. Pertinent information
includes the date and time of reading, pool elevation, and the depth to water below the
top of the piezometer riser pipe. Actual water elevations are compiled in Table 3.

4.2.2

Interpretation and Evaluation

Presentation of Data: Plots have been developed to display the piezometric data.
All the plots were developed using Lotus 1-2-3 computer software spreadsheet.

Time-history plots for the years 1994-1997 for each piezometer are shown as
Plates C.1 and C.2. A time-history plot was developed for the April 1996 flood
event for each piezometer and is presented as Plates D.1 and D.2. X-Y plots of
piezometer water elevation vs. pool elevation developed for each piezometer are
shown as Plates E.1 through E.6. These plots reflect all piezometric data
received to date. Also plotted is a projection of the piezometric level
corresponding to a pool at spillway crest.
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b.

Individual Piezometer Response: All pertinent information (station, offset, top
and tip elevations, zone and material type where tip is located) for each piezom-
eter is listed on Table 1 and Plates 7-9. Falling head tests were performed
immediately after completion of installation. These tests confirmed that all
piezometers are in working order. The results of these tests are shown on Plates
A.14-A.17,A31-A34and A46 - A49.

As described in Section 2, Blackwater Dam does not have a recreational pool.
Unrestricted flow of the Backwater River is allowed through three gates in the
concrete ogee weir at the left end of the dam, the normal river level being about
at El. 518. Most of the embankment fill section of the dam is at elevations
greater than the normal river elevation.

(1) PZ-1A: PZ-1A is located on the upstream slope, at about Sta. 7+60, with
its tip in foundation soils at El. 520.7. The tip is surrounded by filter sand
extending from EL 516.9 to 526.7, which is capped with a 4-foot bentonite
seal. The foundation material that influences the response of PZ-1A is a
thin zone of greenish silty (10-20%) GRAVEL (GM) that overlies bedrock.
The normal groundwater level in PZ-1A ranges from about El. 523.5 to EL
533 over the period 1994 to 1997 (Table 3). The time-history plots (Plates
C.1 and D.1) show that the rise in piezometric elevation closely follows the
rise in pool level, with either no lag or a lag of one to two days at most in
response. The peak piezometer levels are very similar to the peak pool
levels, indicating a close hydraulic connection between the piezometer and
the pool, probably through the gravel. However, the piezometric levels
remain perched about 9 feet above the river level after the pool levels fall.
This is because the existing ground level was at about El. 532 prior to dam
construction, and thus the water levels generally return to about this
elevation during times of normal flow in the river. A dip in the time-
history plot (Plate C.1) in January 1996 appears to be merely a bad reading
and not part of a trend. The projected piezometric elevation with pool level
at spillway crest is 561.3 (Plate E.1).

(2) PZ-2A: PZ-2A is located on the downstream edge of the crest, at about
Sta. 7+60, with its tip in foundation material at El. 515.9. The tip is
surrounded by filter sand extending from El. 513.5 to 521.8, which is
capped with a 4-foot bentonite seal. The foundation material that
influences the response of PZ-2A is a gray coarse granitic GNEISS The
normal groundwater level in PZ-2A ranges from about El. 527.5 to EL
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3)

(4)

534.5 over the period 1994 to 1997 (Table 3). The time-history plots
(Plates C.1 and D.1) show arise in piezometric elevation with rise in pool
level, with a lag of a couple of days in response. The normal piezometric
level remains perched about 13 feet higher than the normal river level but
does not rise much in response to rise in pool level, indicating that the
impervious core provides a good seepage cutoff. The normal piezometric
level is consistent with probable pre-construction groundwater levels in the
area. A spike in the time-history data on 4/12/97 (Plate C.1) appears to be
the result of a transposition of numbers between PZ-2A and PZ-3A on the
data sheets. The projected piezometric elevation with pool level at
spillway crest is 541.3 (Plate E.2).

PZ-3A: PZ-3A is located on the downstream slope of the dam, at about
Sta. 7+60, with its tip in foundation material at El. 513.8. The tip is
surrounded by filter sand extending from ElL 512.9 to 520.8, which is
capped with a 4-foot bentonite seal. The foundation material which
influences the response of PZ-3A is a gray coarse granitic GNEISS. The
normal groundwater level in PZ-3A ranges from about El. 528 to EL. 532
over the period 1994 to 1997 (Table 3). The time-history plots (Plates C.1
and D.1) show a rise in piezometric elevation with rise in pool level, with
a lag of a couple of days in response. The normal piezometric level
remains perched about 13 feet higher than the normal river level but does
not rise much in response to rise in pool level, indicating that the
impervious core provides a good seepage cutoff. The normal piezometric
level is consistent with likely pre-construction groundwater levels in the
area. A dip in the time-history data for 4/12/97 (Plate C.1) appears to be
the result of a transposition of numbers between PZ-2A and PZ-3A on the
data sheets. The projected piezometric elevation with pool level at
spillway crest is 534 (Plate E.3).

PZ-1B. PZ-1B is located on the upstream slope, at about Sta. 7+60, with
its tip in embankment soils at El. 532.7. The tip is surrounded by filter
sand extending from El. 530.7 to 536.7, which is capped with a 4-foot
bentonite seal. The material which influences the response of PZ-1B is a
gray silty (15-25%) SAND with trace of gravel (SM). The normal
groundwater level in PZ-1B ranges from about El. 535.5 to El. 538 over the
period 1994 to 1997 (Table 3). The time-history plots (Plates C.2 and D.2)
show that the piezometric level rises in response to rising pool level, but
that the piezometric level remains elevated after the pool level drops. The

p—
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)

(6)

response time varies from zero to a lag of two days. A dip in the data in
April 1996 appears to be a single erroneous reading and not part of an
adverse trend. The peak piezometric level in PZ-1B during floods is often
slightly higher than the peak pool level recorded (by up to 0.6 foot), which
may be due to rainfall infiltrating the embankment or simply inaccuracies
in the measurement techniques. Perched infiltration or instrument
inaccuracies may also be the reason that the average normal piezometric
level in PZ-1B is about 9 feet higher than the level in PZ-1A. There was
a lot of scatter in the PZ-1B data (Plate E.4). Due to scatter in the data, the
piezometric elevation with pool level at spillway crest was not estimated.

PZ-2B: PZ-2B is located on the downstream edge of the crest, at about
Sta. 7+60, with its tip in the impervious core at El. 527.8. The tip is
surrounded by filter sand extending from El. 525.8 to 533.3, which is
capped with a 4-foot bentonite seal. The material that influences the
response of PZ-2B is a gray silty (20-30%) SAND wi/trace of gravel (SM).
The normal groundwater level in PZ-2B ranges from about El. 533.5 to El.
534.8 over the period 1994 to 1997 (Table 3). The time-history plots
(Plates C.2 and D.2) show a slight response of PZ-2B with rise in pool
level, indicating that the impervious core is cutting off the downstream part
of the dam from the reservoir. The normal water level in PZ-2B is about
14 to 16 feet higher than the normal water level in the river but not
inconsistent with the probable pre-construction groundwater levels. The
water level in PZ-2B is slightly higher (3-6 feet) than in PZ-2A and is
probably caused by perched infiltration. A peak in the data on 8/28/96
appears to be merely an erroneous reading. The projected piezometric
elevation with pool level at spillway crest is 536.1 (Plate E.5).

PZ-3B: PZ-3B is located on the downstream slope of the dam, at about
Sta. 7+60, with its tip in embankment soils at El. 526.8. The tip is
surrounded by filter sand extending from El. 524.8 to 532.8, which is
capped with a 4-foot bentonite seal. The material which influences the
response of PZ-3B is a brown silty (10-20%) SAND with gravel (SM).
The normal groundwater level in PZ-3B ranges from about El. 528 to
El. 532 over the period 1994 to 1997 (Table 3). The time-history plots
(Plates C.2 and D.2) show very little response of PZ-3B with rise in pool
level, indicating that the impervious core is cutting off the downstream part
of the dam from the reservoir. The normal water level in PZ-3B is about
10 feet higher than the normal water level in the river but is consistent

—
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with likely pre-construction groundwater levels. The water level in PZ-3B
is very similar to the level in PZ-3A, indicating that both piezometers are
in zones of similar groundwater flow and drainage characteristics. A dip
in the data on 7/7/95 appears to be merely an erroneous reading. The
projected piezometric elevation with pool level at spillway crest is 534
(Plate E.6).

Profile Evaluation: Cross sections through the dam at Sta. 7+60 are shown in
Plates 12 and 13. Plate 12 shows the boring data, and Plate 13 shows the
piezometric data discussed above. Based on the boring logs shown in Plate 3
and Plate 7, PZ-1A is located in the natural gravelly, sandy soils overlying
bedrock. PZ-2A and PZ-3A are located in bedrock. All three piezometers show
a hydraulic connection to the reservoir by responding to rises in pool elevation,
although the responses in PZ-2A and PZ-3A are lower, probably because the
gravelly sandy soils around PZ-1A are more permeable than the bedrock around
PZ-2A and PZ-3A.

PZ-1B, PZ-2B, and PZ#-3B are all located within embankment soils, near the
interface with the foundation. PZ-1B is located upstream of the impervious core
of the dam, and piezometer response shows a direct hydraulic connection to the
pool as would be expected, although there is a lot of scatter in the data (Plate
E.4). The estimated phreatic surface in the embankment for the April 1996 high
pool event is shown on Plate 13. PZ-2B is located in the impervious core, and
PZ-3B is located downstream of the impervious core. Both show very little
change in piezometric level with change in pool elevation, also as would be
expected. In addition, when the river is at its normal level, piezometric levels
are lower in PZ-3B than in PZ-2B and lower in PZ-2B than in PZ-1B.

All piezometers show piezometric water levels at normal pool that are higher
than the normal river elevation of about 518, indicating that water remains
“perched” within the embankment. This is probably due to the fact that the
piezometer alignment at Station 7+60 coincides with a low area (see Plate 4
profile) on the original flood plain profile at about El. 530 to 532. Groundwater
flow to the river in this area is probably impeded, causing the normal levels
measured in the piezometers to be higher than the river level. The “perched”
water levels are likely consistent with pre-construction groundwater levels in the
area.

—
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The water levels in PZ-1B are generally higher (up to 12 feet) than in PZ-1A.
This may be caused by the compacted pervious fill around PZ-1B being slightly
less permeable than the foundation material around PZ-1A. This could lead to
rainfall infiltrating the embankment and remaining perched, while the response
of PZ-1A is unaffected by rainfall.

There was considerable scatter in the data obtained for PZ-1B. While the
piezometer may be reacting more to rainfall infiltrating the embankment than
to changes in pool elevation, it is also possible that the piezometer is not
working properly.

Maximum groundwater levels are shown on Plate 14. Due to there being only
six piezometers, no contours were shown.

In conclusion, piezometric levels measured between 1994 and 1997 appear to
be consistent with expectations.

—
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5.0 CONCLUSIONS
5.1 General

Based on past performance of the dam and on the performance of the instrumentation to date,
the Blackwater Dam appears to be suitably instrumented. Existing instrumentation indicates that
the dam embankment is functioning suitably relative to seepage and crest movements.

5.2 Crest Monuments
5.2.1 Schedule

The planned schedule for crest monument surveys for the Blackwater Dam is once every
five years, which coincides with the periodic inspection schedule. This schedule is
adequate unless physical evidence of embankment movement is found or the next
scheduled survey results in unusual readings. Therefore, the next scheduled survey
should be performed in 2001, just prior to the periodic inspection.

5.2.2 Evaluation of Adequacy

The number and locations of the crest monuments are adequate to evaluate embankment
movements. However, changes in survey methods between 1986 and 1991 mean that
horizontal movement data prior to and following that time cannot be compared.
Comparison of data between 1991 and 1996 indicates displacements in the range of 0.08
t0 0.16 foot (1 to 2 inches). The displacements are mostly in a northerly direction, which
is almost along the axis of the dam. The maximum settlement between 1975 and 1996
is 0.035 foot (0.42 inch). In the absence of any reported physical evidence to indicate
embankment movement, these displacements and settlements are not considered
significant.

5.2.3 Recommendations

The crest monuments should continue to be surveyed and evaluated on the current
schedule.

—
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5.3  Piezometers
5.3.1 Schedule
The current schedule of monitoring the piezometers is adequate.
5.3.2 Evaluation of Adequacy

At present, only one cross section has been instrumented with piezometers. However,
the data collected to date indicate that the dam is functioning as expected. In the absence
of any physical indications at the site of unusual seepage patterns, we believe that the
current instrumentation is adequate.

5.3.3 Recommendations

We recommend that piezometric monitoring should be continued on the current schedule.
Piezometer PZ-1B should be investigated and, if needed, replaced because there was a
lot of scatter in the data. The need for additional piezometers should be assessed if future
piezometric data or physical evidence at the site indicate unusual seepage patterns that
would warrant further study.

¥ GEI Consultants, Inc.
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TABLE 1 - PIEZOMETER DATA - MATERIAL ZONES

Instrumentation Appendix
Blackwater Dam, Webster, New Hampshire

Piezometer  Station CL Riser Pipe Piezometer Zone Material Tip Is
No. Offset Top Elev. Tip Elev. Located In
(ft) (ft-NGVD) (ft-NGVD)
PZ-1A 7+60 34 (V) 583.6 520.7 Foundation Greenish silty
GRAVEL (GM)
PZ-1B 7+60 34 (U) 583.7 532.7 Embankment  Gray silty SAND
w/trace of gravel
(SM)
PZ-2A 7+60 10 (D) 587.2 515.9 Foundation Gray coarse
granitic GNEISS
PZ-2B 7+60 10 (D) 587.3 527.8 Embankment  Gray silty SAND
w/trace of gravel
(SM)
PZ-3A 7+60 62 (D) 567.2 513.8 Foundation Gray coarse
granitic GNEISS
PZ-3B 7+60 62 (D) 567.3 526.8 Embankment  Brown silty
SAND wi/gravel
(SM)
U = Upstream
D = Downstream
GEI Consultants, Inc. Project 97494 November 1997



TABLE 2 - PIEZOMETER DEPTH READINGS
Instrumentation Appendix Report
Blackwater Dam

DEPTH READINGS, METERS

POOL Tailwater

DATE TIME ELEV. Stage PZ-1A PZ-1B PZ-2A PZ-2B PZ-3A PZ-3B

10/12/94 1000 518.3 2.36 18.11 14.68 18.02 16.40 11.85 11.87
11/03/94 1000 516.8 2.57 18.23 14.51 18.13 16.28 11.93 11.93
12/02/94 1130 518.4 3.19 18.32 14.63 18.20 16.43 11.94 11.93
12/30/94 1000 531.5 2.34 16.43 14.50 16.86 16.48 11.00 11.03
12/31/94 1200 519.4 3.44 16.16 14.44 16.78 16.51 10.96 11.00
01/01/95 1200 521.2 3.65 16.07 14.20 16.69 186.38 10.93 10.97
01/02/95 1245 521.3 3.67 16.18 14.10 16.73 16.29 10.96 11.01
01/03/95 1000 521.0 3.39 16.15 14.08 16.75 16.27 10.93 11.02
02/01/95 1000 518.0 3.57 16.78 13.95 17.00 16.18 11.10 11.15
03/06/95 1345 517.7 2.89 17.55 14.41 17.25 16.35 11.16 11.16
04/03/95 130 520.0 3.89 16.78 14.48 16.82 16.23 10.92 10.95
04/14/95 1000 536.4 2.55 14.65 14.04 16.41 16.06 10.76 10.84
04/15/95 800 537.4 2.56 14.25 14.00 16.26 16.05 10.74 10.78
04/16/95 830 538.1 2.55 13.95 13.92 16.18 16.05 10.69 10.75
04/17/95 1000 539.0 2.57 13.75 13.90 16.13 16.13 10.66 10.75
04/18/95 1000 539.3 2.47 13.71 13.89 16.10 16.08 10.62 10.71
04/20/95 1100 540.0 NA 13.41 13.50 16.00 16.03 10.56 10.60
04/21/95 900 539.6 2.92 13.43 13.55 16.01 16.08 10.60 10.69
04/22/95 1000 540.0 2.92 13.41 13.48 16.00 16.05 10.58 10.66
04/23/95 800 5401 4.25 13.43 13.80 16.01 16.08 10.56 10.66
04/24/95 900 540.1 2.94 13.28 13.15 15.89 16.05 10.52 10.61
04/25/95 1000 539.8 3.75 13.28 13.11 15.93 16.04 10.54 10.62
04/26/95 1230 539.0 3.75 13.32 13.14 15.88 16.08 10.56 10.66
04/27/95 1000 538.6 3.72 13.34 13.16 15.92 16.12 10.60 10.69
04/28/95 915 539.0 2.59 13.32 13.14 15.88 16.08 10.56 10.66
04/29/95 1000 538.4 2.92 13.34 13.16 15.92 16.12 10.61 10.70
04/30/95 1330 535.6 5.02 14.10 13.07 16.15 16.08 10.65 10.75
05/01/95 1030 522.0 NA 14.98 13.05 16.34 16.05 10.71 10.78
05/02/95 945 518.6 3.25 15.41 13.14 16.47 16.05 10.80 10.85
05/03/95 900 518.4 NA 15.68 13.25 16.52 16.04 10.84 10.89
05/04/95 930 518.3 3.10 15.72 13.40 16.01 16.06 10.87 11.93
05/05/95 930 518.3 3.09 15.76 13.49 16.72 16.06 10.87 11.08
06/01/95 1016 518.6 3.24 17.00 14.24 17.08 16.02 11.11 11.15
07/07/95 1320 515.5 2.01 17.75 14.48 17.78 16.04 11.64 20.67
08/01/95 1100 515.9 2.25 18.05 14.70 17.88 16.09 11.67 11.68
08/31/95 1000 5151 1.56 18.15 14.59 18.10 16.18 11.89 11.91
10/02/95 1000 515.3 1.856 18.13 14.59 18.08 16.18 11.88 11.90
10/30/95 845 538.8 5.08 16.17 14.69 16.88 16.35 10.95 10.95
10/31/95 845 534.4 6.29 15.52 14.65 16.65 16.45 10.82 10.87
11/01/95 930 522.7 4.48 14.98 13.05 16.34 16.05 10.71 10.75
11/02/95 1000 520.6 4.04 16.77 14.50 16.84 16.23 10.92 10.94
11/03/95 930 526.0 4.56 156.72 14.15 16.50 16.34 10.74 10.75
11/04/95 1130 524.5 4.91 15.78 14.08 16.50 16.30 10.78 10.78
11/05/95 1230 523.8 4.69 15.82 14.10 16.50 16.38 10.74 10.76
11/06/95 930 521.4 4.22 15.83 14.09 16.53 16.40 10.74 10.78
11/07/95 830 520.3 3.98 15.88 13.98 16.50 16.32 10.72 10.75
11/08/95 830 520.4 3.94 15.88 13.75 16.48 16.18 10.71 10.73
11/09/95 900 523.2 4.16 16.02 13.92 16.58 16.30 10.76 10.79
11/10/85 1330 522.6 4.14 16.06 14.08 16.55 16.45 10.76 10.80
11/11/95 945 520.9 3.89 16.06 13.90 17.57 16.41 11.76 10.79
11/12/95 900 5214 4.06 15.94 13.65 16.47 16.17 10.72 10.72
11/13/95 1400 530.6 5.28 15.88 14.95 16.48 16.38 10.60 11.73
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TABLE 2 - PIEZOMETER DEPTH READINGS
Instrumentation Appendix Report
Blackwater Dam

DEPTH READINGS, METERS

POOL Tailwater

DATE TIME ELEV. Stage PZ-1A PZ-1B PZ-2A PZ-2B PZ-3A PZ-3B
11/14/95 1000 534.1 3.88 15.19 13.98 16.39 16.40 10.68 10.70
11/15/95 1130 539.8 4.01 13.62 13.60 15.94 16.20 10.60 10.58
11/16/95 930 538.0 5.83 13.83 13.67 16.02 16.30 10.53 10.60
11/17/95 930 538.7 6.04 14.71 13.58 16.24 16.32 10.60 10.66
11/18/95 1100 524.3 5.05 15.29 14.58 16.32 16.39 10.60 10.63
11/19/95 1115 516.2 4.58 15.40 13.48 16.33 16.35 PI Pl
11/20/95 930 523.7 4.35 15.82 14.10 16.50 16.38 10.74 10.76
11/21/95 930 522.0 4.19 14.97 13.03 16.32 16.02 10.72 10.74
11/22/95 930 522.2 412 15.03 13.10 16.32 16.03 10.71 10.74
12/04/95 1130 519.3 3.41 16.78 13.95 17.00 16.18 11.10 11.15
01/23/96 945 538.1 5.53 20.90 14.45 16.66 16.25 10.80 10.82
01/24/96 NA 533.1 5.62 14.71 13.58 16.26 16.35 10.62 10.68
01/25/96 900 531.9 4.50 14.68 13.55 16.22 16.31 10.60 10.65
01/26/96 900 5284 4.48 15.92 14.10 16.50 16.28 10.70 10.71
01/27/96 800 524.9 4.83 15.82 14.12 16.48 16.38 10.72 10.76
01/28/96 830 533.4 4.61 14.71 13.58 16.29 16.32 10.65 10.65
01/29/96 800 534.6 6.39 14.20 13.80 16.05 16.10 10.49 10.53
01/31/96 915 539.8 6.39 13.53 13.98 16.92 16.15 10.45 10.52
02/01/96 1030 522.8 4.78 14.95 13.04 16.33 16.03 10.75 10.76
02/02/96 900 520.9 4.45 15.10 13.24 16.48 16.20 10.88 10.89
02/03/96 930 521.5 4.01 15.68 13.82 16.38 16.19 10.62 10.65
02/04/96 730 520.6 3.85 15.80 13.89 16.44 16.23 10.68 10.69
02/05/96 930 519.5 3.64 15.85 13.91 16.47 16.32 10.72 10.74
02/06/96 930 519.0 3.50 15.87 13.91 16.48 16.35 10.75 10.76
02/07/96 900 518.9 3.45 15.88 13.92 16.50 16.35 10.75 10.76
02/08/96 930 518.9 3.50 15.89 13.93 16.51 16.37 10.76 10.76
02/09/96 930 518.8 3.44 15.89 13.92 16.50 16.36 10.75 10.76
04/18/96 1130 548.0 2.55 11.28 13.62 15.32 15.85 10.25 10.35
04/19/96 1230 550.0 5.05 10.69 13.20 15.12 16.72 10.15 10.26
04/20/96 1000 549.3 NA 10.75 12.74 15.09 156.74 10.13 10.25
04/21/96 1115 549.0 4.50 10.82 12.34 15.11 15.80 10.12 10.25
04/22/96 1030 548.7 5.84 10.85 12.20 15.15 15.50 10.22 10.26
04/23/96 1030 547.6 6.55 11.02 11.87 15.14 15.76 10.14 10.26
04/24/96 1130 547.4 6.54 10.86 12.22 15.16 15.76 10.22 10.28
04/25/96 900 543.9 7.08 10.86 12.22 15.14 15.77 10.20 10.26
04/26/96 1145 547.2 7.08 11.16 11.55 15.15 15.65 10.13 10.26
04/27/96 1000 545.9 5.25 11.17 11.58 15.19 15.69 10.15 10.29
04/28/96 1030 545.2 5.32 11.19 16.61 15.19 15.71 10.16 10.31
04/29/96 1015 542.3 7.01 12.25 11.81 15.46 15.81 10.22 10.24
04/30/96 900 540.1 6.05 12.55 12.38 15.89 16.10 10.56 10.65
05/01/96 1030 536.0 NA 13.81 11.90 15.85 15.80 10.38 10.45
05/02/96 900 541.0 2.76 12.61 12.40 15.86 16.12 10.57 10.66
05/02/96 1100 539.6 6.82 13.25 12.20 15.74 15.80 10.35 10.42
05/03/96 1100 539.6 6.82 13.25 12.20 15.74 15.80 10.35 10.42
05/04/96 1000 533.3 6.43 14.35 12.20 15.98 15.85 10.42 10.48
05/05/96 1000 524.1 5.12 15.16 12.36 16.15 15.88 10.50 10.54
05/06/96 900 523.3 5.08 15.17 12.37 16.16 15.89 10.563 10.57
05/07/96 845 523.3 493 15.41 12.76 16.25 15.98 10.56 10.61
05/08/96 900 5231 4.71 15.42 12.77 16.25 15.98 10.56 10.62
05/09/96 900 521.9 4.49 16.44 12.79 16.28 15.98 10.58 10.63
05/10/96 930 521.5 4.34 15.44 12.81 16.29 15.99 10.59 10.64
05/13/96 930 536.8 6.49 14.62 13.00 16.10 15.77 10.50 10.55
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TABLE 2- PIEZOMETER DEPTH READINGS
Instrumentation Appendix Report
Blackwater Dam

DEPTH READINGS, METERS

POOL Tailwater

DATE _ TIME ELEV. Stage PZ-1A PZ-1B PZ-2A PZ-2B PZ-3A PZ-3B

05/14/96 900 542.0 5.44 12.98 13.08 15.72 15.87 10.36 10.45
05/15/96 930 540.1 6.26 13.05 12.95 156.70 15.80 10.33 10.42
05/16/96 930 535.1 6.52 15.18 13.96 16.36 16.37 10.68 10.70
05/17/96 1245 523.1 4.88 15.42 12.78 16.30 15.98 10.56 10.65
05/18/96 1100 523.0 4.76 15.43 12.80 16.32 15.98 10.58 10.66
05/19/986 1530 522.4 5.03 15.35 12.71 16.18 15.80 10.52 10.56
05/20/96 1000 522.2 4.55 15.41 12.70 16.22 15.70 10.54 10.58
05/21/96 1030 521.7 4.41 15.51 12.76 16.28 15.77 10.57 10.62
056/22/96 1000 521.1 4.21 15.81 12.88 16.34 15.85 10.63 10.69
05/23/96 200 520.1 2.78 15.65 12.91 16.38 15.89 10.69 10.75
06/13/96 900 518.5 NA 15.90 13.94 16.52 16.40 10.78 10.7¢
07/02/96 905 517.2 2.68 17.30 14.00 17.30 15.90 11.20 11.20
07/31/96 1050 517.5 2.88 17.00 14.10 17.10 15.90 11.10 11.10
08/28/96 1030 516.0 2.00 17.81 14.43 16.03 11.62 11.83 11.70
10/01/96 900 516.0 213 18.24 14.77 18.19 16.17 11.97 11.97
10/22/96 1000 544 .1 4.00 15.88 14.68 17.10 16.05 11.22 1147
10/23/96 1030 548.0 4.15 14.22 13.75 16.44 16.02 10.91 10.91
10/24/96 930 550.0 4.14 12.31 13.40 15.84 15.94 10.62 10.70
10/25/86 830 549.0 5.77 12.29 13.38 15.83 15.92 10.60 10.68
10/26/96 1030 548.8 7.02 11.52 13.12 15.57 16.08 10.50 10.568
10/27/96 1030 543.4 6.87 12.95 12.95 15.65 16.10 10.50 10.59
10/28/96 900 540.0 6.68 12.97 12.97 15.68 16.13 10.53 10.81
10/29/96 1430 525.3 4.20 15.78 14.06 16.48 16.30 10.76 10.75
10/30/96 1000 520.8 3.80 15.92 13.96 16.54 16.42 10.80 10.82
10/31/96 830 519.2 3.61 15.94 13.98 16.56 16.44 10.81 10.82
11/01/96 1345 519.7 3.63 16.95 13.98 16.56 16.45 10.81 10.82
01/06/97 1000 521.2 4.05 15.90 13.94 16.52 16.41 10.76 10.72
02/07/97 1300 517.9 2.92 17.58 14.43 17.26 16.34 11.62 11.62
03/20/97 930 518.4 3.24 15.91 13.95 16.53 16.39 10.78 10.77
04/09/97 1000 537.7 5.61 13.83 13.87 16.04 14.29 10.52 10.62
04/10/97 1115 533.1 6.21 14.64 13.81 16.32 15.89 10.75 10.80
04/11/97 1330 533.2 5.07 14.74 14.84 16.36 15.92 10.78 10.83
04/12/97 1130 530.4 4.91 15.03 14.77 10.41 15.92 16.84 10.85
04/13/97 1100 532.8 4.50 14.95 13.54 16.35 15.75 10.76 10.78
04/14/97 1100 534.2 4.55 14.81 13.62 16.40 15.81 11.81 10.85
04/15/97 800 535.0 4.59 14.66 13.70 16.38 15.92 10.81 10.85
04/16/97 1100 537.2 4.64 14.12 13.38 16.18 15.79 10.69 10.74
04/17/97 1115 536.0 5.66 14.16 13.40 16.20 15.80 10.70 10.75
04/18/97 1030 525.2 5.22 15.55 14.02 16.38 16.21 10.73 10.76
04/19/97 1315 538.3 4.68 14.18 13.23 16.16 15.75 10.66 10.69
04/20/97 1300 545.0 4.81 12.35 13.29 15.71 15.78 10.51 10.56
04/21/97 1115 548.0 4.81 11.38 13.13 15.42 15.78 10.45 10.46
04/22/97 1100 547.3 6.50 11.40 13.14 15.43 15.78 10.44 10.45
04/24/97 1030 545.0 6.21 11.48 13.19 15.48 15.83 10.49 10.51
04/25/97 1000 542.7 6.65 12.38 12.25 15.62 15.79 10.43 10.51
04/26/97 1010 540.0 520 13.09 12.30 15.82 15.83 10.50 10.58
04/27/197 1100 538.0 5.20 13.45 12.78 15.92 15.92 10.56 10.64
04/28/97 930 536.3 544 13.88 12.35 16.03 12.92 10.56 10.63
04/29/97 1000 525.4 5.22 15.00 12.40 16.25 15.95 10.66 10.70
04/30/97 1315 527.7 5.22 15.27 12.58 16.35 16.08 10.75 10.78
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TABLE 2 -

POOL
DATE _ TIME ELEV.

PIEZOMETER DEPTH READINGS
Instrumentation Appendix Report
Blackwater Dam

Tailwater
Stage

DEPTH READINGS, METERS

PZ-1A PZ-1B PZ-2A

PZ-2B

PZ-3A

PZ-3B

CODES:
PD= Piezometer Dry
Pl=Piezometer Inaccessible

GE! Consultants, Inc.

PF=Piezometer Frozen
NA=Information not Given

Blackwater Dam

Project 97494



TABLE 3- ACTUAL PIEZOMETER WATER ELEVATION NGVD
Instrumentation Appendix Report
Blackwater Dam

POREWATER ELEVATION, FEET-NGVD

DATE = POOLEL. PZ-1A PZ-1B PZ-2A PZ-2B PZ-3A PZ-3B

10/12/94 516.3 524.26 535.59 528.156 533.53 528.36 528.36
11/03/94 516.8 523.87 536.15 527.79 533.93 528.10 528.16
12/02/94 518.4 523.58 535.75 527.56 533.44 528.07 528.16
12/30/94 531.5 529.78 536.18 531.96 533.27 531.15 531.11
12/31/94 519.4 530.66 536.38 532.22 533.17 531.28 531.21
01/01/95 521.2 530.96 537.16 532.51 533.60 531.38 531.31
01/02/95 521.3 530.60 537.49 532.38 533.90 531.28 531.18
01/03/95 521.0 530.70 537.56 532.32 533.96 531.38 531.156
02/01/95 519.0 528.63 537.98 531.50 534.26 530.82 530.72
03/06/95 517.7 526.10 536.47 530.68 533.70 530.63 530.69
04/03/95 520.0 528.63 536.24 532.09 534.09 531.41 531.38
04/14/95 536.4 535.62 537.69 533.43 534.65 531.94 531.74
04/15/95 537.4 536.93 537.82 533.92 534.68 531.99 531.93
04/16/95 538.1 537.91 538.08 534.19 534.68 532.17 532.03
04/17/95 539.0 538.57 538.15 534.35 534.42 532.27 532.03
04/18/95 539.3 538.70 538.18 534.45 534.58 532.40 532.16
04/20/95 540.0 539.68 539.46 534.78 534.75 532.59 532.52
04/21/95 539.6 539.62 539.30 534.74 534.58 532.46 532.23
04/22/95 540.0 539.68 539.52 534.78 534.68 532.53 532.33
04/23/95 540.1 539.62 539.46 534.74 534.65 532.59 532.33
04/24/95 540.1 540.11 540.61 535.14 534.68 532.73 532.49
04/25/95 539.8 540.11 540.74 535.01 534.72 532.65 532.46
04/26/95 539.0 539.98 540.64 535.17 534.58 532.59 532.33
04/27/95 538.6 539.91 540.57 535.04 534.45 532.46 532.23
04/28/95 539.0 539.98 540.64 535.17 534.58 532.59 532.33
04/29/95 538.4 539.91 540.57 535.04 534.45 532.43 532.20
04/30/95 535.6 537.42 540.87 534.29 534.58 532.30 532.03
05/01/95 522.0 534.53 540.94 533.66 534.68 532.10 531.93
05/02/95 518.6 533.12 540.64 533.24 534.68 531.81 531.70
05/03/95 518.4 532.24 540.28 533.07 534.72 531.68 531.57
05/04/95 518.3 532.11 539.79 534.74 534.65 531.58 528.16
05/05/95 518.3 531.97 539.49 532.42 534.65 531.58 528.00
06/01/95 518.6 527.91 537.03 531.23 534.78 530.79 530.72
07/07/95 515.5 525.45 536.24 529.00 534.72 529.05 499.49
08/01/95 518.9 524.46 535.52 528.61 534.55 528.95 528.98
08/31/95 515.1 524.13 535.88 527.89 534.26 528.23 528.23
10/02/95 515.3 524.20 535.88 527.95 534.26 528.26 528.26
10/30/95 538.8 530.63 535.56 531.89 533.70 531.32 531.38
10/31/95 534.4 532.76 535.69 532.64 533.37 531.74 531.64
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TABLE 3 -

ACTUAL PIEZOMETER WATER ELEVATION NGVD
Instrumentation Appendix Report
Blackwater Dam

POREWATER ELEVATION, FEET-NGVD

DATE POOLEL. PZ-1A PZ-1B PZ-2A PZ-2B PZ-3A PZ-3B
11/01/95 522.7 534.53 540.94 533.66 534.68 532.10 532.03
11/02/95 520.6 528.66 536.18 532.02 534.09 531.41 531.41
11/03/95 526.0 532.11 537.33 533.14 533.73 532.00 532.03
11/04/95 524.5 531.91 537.56 533.14 533.86 531.87 532.00
11/05/95 523.8 531.78 537.49 533.14 533.60 532.00 532.00
11/06/95 521.4 531.74 537.52 533.04 533.53 532.00 531.93
11/07/95 520.3 531.58 537.88 533.14 533.80 532.07 532.03
11/08/95 520.4 531.58 538.64 533.20 534.26 532.10 532.10
11/09/95 523.2 531.12 538.08 532.87 533.86 531.94 531.90
11/10/95 522.6 530.99 537.62 532.97 533.37 531.94 531.87
11/11/95 520.9 530.99 538.15 529.63 533.50 528.66 531.90
11/12/95 521.4 531.38 538.97 533.24 534.29 532.07 532.13
11/13/95 530.6 531.58 534.70 533.20 533.60 532.46 528.82
11/14/95 534.1 533.84 537.88 533.50 533.53 532.20 532.20
11/15/95 539.8 539.00 539.13 534.97 534.19 532.46 532.59
11/16/95 538.0 538.31 538.90 534.71 533.86 532.69 532.52
11/17/95 538.7 535.42 539.20 533.99 533.80 532.46 532.33
11/18/95 524.3 533.52 535.92 533.73 533.57 532.46 532.43
11/19/95 516.2 533.16 539.52 533.69 533.70 PI PI
11/20/95 523.7 531.78 537.49 533.14 533.60 532.00 532.00
11/21/95 522.0 534.57 541.00 533.73 534.78 532.07 532.06
11/22/95 522.2 534.37 540.77 533.73 534.75 532.10 532.06
12/04/95 519.3 528.63 537.98 531.50 534.26 530.82 530.72
01/23/96 538.1 515.11 536.34 532.61 534.03 531.81 531.80
01/24/96 533.1 535.42 539.20 533.92 533.70 532.40 532.26
01/25/96 531.9 535.52 539.30 534.06 533.83 532.46 532.36
01/26/96 528.4 531.45 537.49 533.14 533.93 532.14 532.16
01/27/96 524.9 531.78 537.43 533.20 533.60 532.07 532.00
01/28/96 533.4 535.42 539.20 533.83 533.80 532.30 532.36
01/29/96 534.6 537.09 538.47 534.61 534.52 532.82 532.75
01/31/96 539.8 539.29 537.88 531.76 534.36 532.96 532.79
02/01/96 522.8 534.63 540.97 533.69 534.75 531.97 532.00
02/02/96 520.9 534.14 540.31 533.20 534.19 531.54 531.57
02/03/96 521.5 532.24 538.41 533.53 534.22 532.40 532.36
02/04/96 520.6 531.84 538.18 533.33 534.09 532.20 532.23
02/05/96 519.5 531.68 538.11 533.24 533.80 532.07 532.06
02/06/96 519.0 531.61 538.11 533.20 533.70 531.97 532.00
02/07/96 518.9 531.58 538.08 533.14 533.70 531.97 532.00
02/08/96 518.9 531.55 538.05 533.10 533.63 531.94 532.00
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TABLE 3- ACTUAL PIEZOMETER WATER ELEVATION NGVD
Instrumentation Appendix Report
Blackwater Dam

POREWATER ELEVATION, FEET-NGVD

DATE POOLEL. PZ-1A PZ-1B PZ-2A PZ-2B PZ-3A PZ-3B

02/09/96 518.8 531.55 538.08 533.14 533.67 531.97 532.00
04/18/96 548.0 546.67 539.07 537.01 535.34 533.61 533.34
04/19/96 550.0 548.61 540.44 537.66 535.77 533.94 533.64
04/20/96 549.3 548.41 541.95 537.76 535.70 534.01 533.67
04/21/96 549.0 548.18 543.26 537.70 535.50 534.04 533.67
04/22/96 548.7 548.08 543.72 537.57 536.49 533.71 533.64
04/23/96 547.6 547.53 544 .81 537.60 535.63 533.97 533.64
04/24/96 547.4 548.05 543.66 537.53 535.63 533.71 533.57
04/25/96 543.9 548.05 543.66 537.60 535.60 533.78 533.64
04/26/96 547.2 547.07 545.86 537.57 536.00 534.01 533.64
04/27/96 545.9 547.03 545.76 537.43 535.86 533.94 533.54
04/28/96 545.2 546.97 532.54 537.43 535.80 533.91 533.47
04/29/96 542.3 543.49 545.00 536.55 535.47 533.73 533.72
04/30/96 540.1 542.51 543.13 535.14 534.52 532.59 532.36
05/01/96 536.0 538.37 544.71 535.27 535.50 533.19 533.02
05/02/96 541.0 542.31 543.07 535.24 534.45 532.56 532.33
05/02/96 539.6 540.21 543.72 535.63 535.50 533.28 533.11
05/03/96 539.6 540.21 543.72 535.63 535.50 533.28 533.11
05/04/96 533.3 536.60 543.72 534.84 535.34 533.05 532.92
05/05/96 524.1 533.94 943.20 534.29 535.24 532.79 632.72
05/06/96 523.3 533.91 543.17 534.25 535.21 532.69 532.62
05/07/96 523.3 533.12 541.89 533.96 534.91 532.59 532.49
05/08/96 523.1 533.09 541.85 533.96 534.91 532.59 532.46
05/09/96 521.9 533.02 541.79 533.86 534.91 532.53 532.43
05/10/96 521.5 533.02 541.72 533.83 534.88 532.50 532.39
05/13/96 536.8 535.71 541.10 534.45 535.60 532.79 532.69
05/14/96 542.0 541.10 540.84 535.70 535.27 533.25 533.02
05/15/96 540.1 540.87 541.26 535.76 535.50 533.35 533.11
05/16/96 535.1 533.88 537.95 533.60 533.63 532.20 532.20
05/17/96 523.1 533.09 541.82 533.79 534.91 532.59 532.36
05/18/96 523.0 533.06 541.76 533.73 534.91 532.53 532.33
05/19/96 522.4 533.32 542.05 534.19 535.50 532.73 532.65
05/20/96 522.2 533.12 542.08 534.06 535.83 532.66 532.59
05/21/96 521.7 532.79 541.89 533.86 535.60 532.56 532.46
05/22/96 521.1 532.47 541.49 533.66 535.34 532.37 532.23
05/23/96 520.1 532.34 541.39 533.53 535.21 532.17 532.03
06/13/96 518.5 531.52 538.02 533.07 533.53 531.87 531.90
07/02/96 517.2 526.92 537.82 530.51 535.18 530.50 530.56
07/31/96 517.5 527.91 537.49 531.17 535.18 530.82 530.88
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TABLE 3 - ACTUAL PIEZOMETER WATER ELEVATION NGVD
Instrumentation Appendix Report
Blackwater Dam

POREWATER ELEVATION, FEET-NGVD

DATE POOLEL. PZ-1A PZ-1B PZ-2A PZ-2B PZ-3A PZ-3B

08/28/96 516.0 525.25 536.41 534.68 549.22 529.08 528.91

10/01/96 516.0 523.84 535.29 527.59 534.29 527.97 528.03
10/22/96 544 1 531.58 535.59 531.17 534.68 530.43 530.65
10/23/96 548.0 537.03 538.64 533.33 534.78 531.45 531.51
10/24/96 550.0 543.29 539.79 535.30 535.04 532.40 532.20
10/25/96 549.0 543.36 539.85 535.33 535.11 532.46 532.26
10/26/96 546.8 545.89 540.71 536.19 534.58 532.79 532.59
10/27/96 543.4 541.19 541.26 535.93 534.52 532.79 532.56
10/28/96 540.0 541.13 541.20 535.83 534.42 532.69 532.49
10/29/96 525.3 531.91 537.62 533.20 533.86 531.94 532.03
10/30/96 520.8 531.45 537.95 533.01 533.47 531.81 531.80
10/31/96 519.2 531.38 537.88 532.94 533.40 531.77 531.80
11/01/96 519.7 531.35 537.88 532.94 533.37 531.77 531.80
01/06/97 521.2 531.52 538.02 533.07 533.50 531.94 532.13
02/07/97 517.9 526.00 536.41 530.64 533.73 529.12 529.18
03/20/97 518.4 531.48 537.98 533.04 533.57 531.87 531.97
04/09/97 537.7 538.31 538.90 534.65 540.46 532.73 532.46
04/10/97 533.1 535.65 538.11 533.73 535.21 531.97 531.87
04/11/97 533.2 535.32 535.06 533.60 535.11 531.87 531.77
04/12/97 530.4 534.37 535.29 5563.12 535.11 511.99 531.70
04/13/97 532.8 534.63 539.33 533.63 535.67 531.94 531.93
04/14/97 534.2 534.76 539.07 533.46 535.47 528.49 531.70
04/15/97 535.0 535.58 538.80 533.53 535.11 531.77 531.70
04/16/97 537.2 537.36 539.85 534.19 535.54 532.17 532.06
04/17/97 536.0 537.22 539.79 534.12 535.50 532.14 532.03
04/18/97 525.2 532.66 537.75 533.53 534.16 532.04 532.00
04/19/97 538.3 537.16 540.35 534.25 535.67 532.27 532.23
04/20/97 545.0 543.16 540.15 535.73 535.57 532.76 532.65
04/21/97 548.0 546.34 540.67 536.68 535.57 532.96 532.98
04/22/97 547.3 546.28 540.64 536.65 535.57 532.99 533.02
04/24/97 545.0 546.02 540.48 536.45 535.40 532.82 532.82
04/25/97 542.7 543.03 543.56 536.02 535.54 533.02 532.82
04/26/97 540.0 540.73 543.40 535.37 535.40 532.79 532.59
04/27/97 539.0 539.55 541.82 535.04 535.11 532.59 532.39
04/28/97 536.3 538.14 543.23 534.68 544.95 532.59 532.43
04/29/97 525.4 534.47 543.07 533.96 535.01 532.27 532.20
04/30/97 527.7 533.58 542 .48 533.63 534.58 531.97 531.93
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TABLE 3- ACTUAL PIEZOMETER WATER ELEVATION NGVD
Instrumentation Appendix Report
Blackwater Dam

POREWATER ELEVATION, FEET-NGVD

DATE = POOLEL. PZ-1A PZ-1B PZ-2A PZ-2B PZ-3A PZ-3B

CODES:
PD= Piezometer Dry PF=Piezometer Frozen
Pl=Piezometer Inaccessible NA=Information not Given

GEI Consultants, Inc. Blackwater Dam Project 97494



L

-

DATE

12-Oct-94
03-Nov-94
02-Dec-94
03-Jan-95
01-Feb-95
06-Mar-95
03-Apr-95
05-May-95
01-Jun-95
07-Jul-95
01-Aug-95
31-Aug-95
02-Oct-95
22-Nov-95
04-Dec-95
09-Feb-96
10-May-96
23-May-96
13-Jun-96
02-Jul-96
31-Jul-96
28-Aug-96
01-Oct-96
01-Nov-96
06-Jan-97
07-Feb-97
20-Mar-97
30-Apr-97

Average
Water level

Table 4 -

POOL EL.
516.3
516.8
518.4
521.0
519.0
517.7
520.0
518.3
518.6
515.5
5156.9
515.1
515.3
522.2
519.3
518.8
521.5
520.1
518.5
517.2
517.5
516.0
516.0
519.7
521.2
517.9
518.4
527.7

518.57

GEI Consultants, Inc.

PIEZOMETER DATA USED TO CALCULATE AVERAGE WATER

LEVELS FOR EACH PIEZOMETER

instrumentation Appendix Report
Blackwater Dam

POREWATER ELEVATION FOR NORMAL POOL, FT-NGVD

PZ-1A
524.26
523.87
523.58
530.70
528.63
526.10
528.63
531.97
527.91
525.45
524.46
524.13
524.20
534.37
528.63
531.55
533.02
532.34
531.52
526.92
527.91
525.25
523.84
531.35
531.52
526.00
531.48
533.58

528.33

PZ-1B
535.59
536.15
535.75
537.56
537.98
536.47
536.24
539.49
537.03
536.24
535.52
535.88
535.88
540.77
537.98
538.08
541.72
541.39
538.02
537.82
537.49
536.41
535.29
537.88
538.02
536.41
537.98
542.48

537.63

PZ-2A
528.15
527.79
527.56
532.32
531.50
530.68
532.09
532.42
531.23
529.00
528.61
527.89
527.95
533.73
531.50
533.14
533.83
533.53
533.07
530.51
531.17
534.68
527.59
532.94
533.07
530.64
533.04
533.63

531.19

Blackwater Dam

PZ-2B
533.53
533.93
533.44
533.96
534.26
533.70
534.09
534.65
534.78
534.72
534.55
534.26
534.26
534.75
534.26
533.67
534.88
535.21
533.53
535.18
535.18
549.22
534.29
533.37
533.50
533.73
533.57
534.58

534.75

PZ-3A
528.36
528.10
528.07
531.38
530.82
530.63
931.41
531.58
530.79
529.05
528.95
528.23
528.26
532.10
530.82
531.97
532.50
532.17
531.87
530.50
530.82
529.08
527.97
531.77
531.94
529.12
531.87
531.97

530.43

PZ-3B
528.36
528.16
528.16
531.15
530.72
530.69
531.38
528.00
530.72
499.49
528.98
528.23
528.26
532.06
530.72
532.00
532.39
532.03
531.90
530.56
530.88
528.91
528.03
531.80
532.13
529.18
531.97
531.93

529.24
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TABLE 5 - PREDICTED PIEZOMETER WATER ELEVATIONS

Instrumentation Appendix

Blackwater Dam, Webster, New Hampshire

Piezometer Projected Piezometer Elevation
for Reservoir at El. 566

PZ-1A 561.3
PZ-1B *

PZ-2A 541.3
PZ-2B 536.1
PZ-3A 534
PZ-3B 534

* No projection for PZ-1B due to scatter of data.

GEIl Consultants, Inc.

Project 97494

November 1997
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97494-04 10/28/97 DM

DEPTH BELOW GROUND SURFACE, FEET

20

30

40

50

60

70

B I I I I I L e e

EL 5327 |F

EL. 520.7

PZ-1A,1B
FD 94-1

P-18B P-1A
EL. 5836 ElL. 583.7

~
-
©
3]
i
o

484815 E
297183 N

60/2"
60/2"

60/27

60/2"
60/2"
60/4"
PZ-18 TP 80/2"
60/3"

60/2"
60/3"

PZ—-1A TP

NS

RIPRAP w/ COMPACTED PERVIOUS SOILS

NS

COMPACTED PERVIOUS SOILS & GRAVELS
& TRACE COBBLES

SM

GRAY SILTY SAND w/ TRACE GRAVEL

GM

GREENISH SILTY GRAVEL

L~ BEDROCK

BOTTOM OF BORING EL. 516.9

LEGEND FOR GRAPHIC LOG

GROUND SURFACE ELEVATION

TOP_OF RISER EL. 583.8

Z--1A,1B)\ Pizomever numBeR
FD 94—1 / 8orNG NuMBer

i

COORDINATES

EL. 581.7
484815 E
297183 N

GROUND SURFACE

1 0.D. PVC RISER PIPE—w=

ESTIMATED BOUNDARIES BETWEEN
l EMBANKMENT AND FOUNDATION ZONES J

PIEZOMETER TIP EL. 532.7

SAND FILTER——#=t

NOTES:

INS| NOT SAMPLED

NR{ NO RECOVERY OR UNSATISFACTORY
SOIL. SAMPLE RECOVERED

sp| GROUP LETTER SYMBOL ACCORDING TO
ASTM D2487 AND ASTM D2488

SUBSURFACE WATER LEVEL IN BORING
< DURING TIME OF EXPLORATION

2 N-VALUE FROM STANDARD PENETRATION
TEST, BLOWS PER FOOT

BLOWS PER FOOT WITH 300 POUND HAMMER
AND 18 INCH DROP

COBBLES OR BOULDERS (CORE — DRILLED)

COARSE GRAVEL OR NESTED COBBLES AND BOULDERS
EL. 517.7 ELEVATION OF BEDROCK SURFACE
ROCK CORE RECOVERY 0 ~ 25 X

ROCK CORE RECOVERY 25 — 50 %
ROCK CORE RECOVERY 50 — 75 X
ROCK CORE RECOVERY 75 — 90 %

ROCK CORE RECOVERY 90 — 100 %
EL. 516.9 ELEVATION BOTTOM OF EXPLORATION

1. SEE PLATE 6 FOR BORING LOCATIONS.

2. ELEVATIONS REFER TO NATIONAL GEODETIC VERTICAL DATUM (NGVD) OF 1929.

U.S. Army Corps
of Engineers
Waltham, Massachusetts

C

Instrumentation Evaluation
Blackwater Dam

New Hampshire FD94-1

ENGINEERING LOGS

Q GEI Consultants, Inc.

Project 97494 Nov. 1997 Plate 7
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DEPTH BELOW GROUND SURFACE, FEET

10

20

70

MMT T T T T T T T I T T 7T T T T T T T T T T T T T T T T T T T T T I I T T T T T I I T T I T T I I I I T I T T rTrrrtrrrrrrirrrrrirTrTieid

FD 94-2

M| Wz
"9}
28
PZ~2B PZ-2A K g';,
EL 587.3 EL 5872 | 9
Ng|  COMPACTED IMPERVIOUS FILL w/ GRAVEL
& COBBLES
CONPACTED IMPERVIOUS FILL w/ GRAVEL
NS| & ROCK FRAGMENTS
3
81
55
43
45
62 SM GRAY SILTY SAND w/ TRACE GRAVEL
76
48
PZ-2B TIP 69
EL. 5278 |
- 70
40
NS
GRAY COARSE GRANITIC GNEISS
-aTe | ©
EL. 5159 | H K0  GRAY COARSE GRANMIC GNEISS
R
105¢5¢%)
] BOTIOM OF BORING EL 5135

LEGEND FOR GRAPHIC LOG

ESTIMATED BOUNDARIES BETWEEN
I EMBANKMENT AND FOUNDATION ZONES I

PZ~2A,2B"\ PEZONETER NuMBER
FD 94—2 / sorne NumBer

w
o

ASTM D2487 AND ASTM D2488

2“2 cooromates
GROUND SURFACE ELEVATON & | 215
¥R
|-_l-l‘| oo,
TOP_OF RISER EL. 587.3 o
GROUND SURFACE
NS | NOT SAMPLED
NR| NO RECOVERY OR UNSATISFACTORY
SOIL SAMPLE RECOVERED
GROUP LETTER SYMBOL ACCORDING TO

1" 0.D. PVC RISER PIPE

SEAL —o=]

SAND FILTER—d=t

PIEZOMETER TIP EL. 527.8

NOTES:

22

22

SUBSURFACE WATER LEVEL IN BORING
DURING TIME OF EXPLORATION

N-VALUE FROM STANDARD PENETRATION
TEST, BLOWS PER FOOT

BLOWS PER FOOT WITH 300 POUND HAMMER
AND 18 INCH DROP

COBBLES OR BOULDERS (CORE — DRILLED)

COARSE GRAVEL OR NESTED COBBLES AND BOULDERS
EL. 524.3 ELEVATION OF BEDROCK SURFACE

ROCK CORE RECOVERY 0 ~ 25 X%
ROCK CORE RECOVERY 25 —-50 %
ROCK CORE RECOVERY 50 -~ 75 %
ROCK CORE RECOVERY 75 — 90 %

ROCK CORE RECOVERY 90 — 100 %
EL. 513.5 ELEVATION BOTTOM OF EXPLORATION

1. SEE PLATE 6 FOR BORING LOCATIONS.
2. ELEVATIONS REFER TO NATIONAL GEODETIC VERTICAL DATUM (NGVD) OF 1929.

10 20 FEET

U.S. Army Corps
of Engineers
Waltham, Massachusetts

(

D GEI Consultants, Inc.

Instrumentation Evaluation
Blackwater Dam

ENGINEERING LOGS

New Hampshire FD94-2

Project 97494 Nov. 1997 Plate 8




[

T

=

=

DEPTH BELOW GROUND SURFACE, FEET
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97494—-04

PZ-3A,38
FD 94-3

LEGEND FOR GRAPHIC LOG

PZ—~3A,3B\ Piezomerer NuMBER
FD 94—3 / BoriNG NUMBER

COORDINATES

EL. 564.8
484890 £
297123 N

PZ-3B PZ~3A
EL. 567.3 EL 567.2

NS COMPACTED PERVIOUS FILL w/ GRAVEL
& COBBLES

GROUND SURFACE ELEVATION

EL. 564.8
434890 E
297123 N

TOP_OF RISER EL. 5567.3
NS COMPACTED PERVIOUS FILL w/ GRAVEL GROUND SURFACE

& COBBLES NS | NOT SAMPLED

NR| NO RECOVERY OR UNSATISFACTORY
SOIL SAMPLE RECOVERED

BROWN SILTY TRACE. GRAVEL — GROUP LETTER SYMBOL ACCORDING TO
50/5;' SM GRAY & BR LTY SAND w/ TRACE G 9 SP|  ASTM 02487 AND ASTM D2488
4 —
o AR [——BROMN SITY SAND w/ GRAVEL g +* 0. PYC RISER PIFE @ SVESURFACE WATER LEVEL IN BORING
120/7°f SM BROWN SILTY SAND w/ TRACE GRAVEL 25 DURING TIME OF EXPLORATION
— = 2 N-VALUE FROM STANDARD PENETRATION
GaO/Z s [-—_BROWN_SILTY GRAVEL w/ SAND &3 TEST, BLOWS PER FOOT
ns
72/2° BROWN SILTY SAND w/ TRACE GRAVEL £ - 2" BLOWS PER FOOT WITH 300 POUND HAMMER
SM=—TNS E% AND 18 INCH DROP
60/2" =1
oM / NS BROWN SILTY GRAVEL gtﬁ_ SEAL COBBLES OR BOULDERS (CORE — DRILLED)
S;;0/2 =—~—BROWN SILTY SAND w/_ TRACE GRAVEL B2 COARSE GRAVEL OR NESTED COBBLES AND BOULDERS
50/4" EH EL. 522.8 ELEVATION OF BEDROCK SURFACE
RE ROCK CORE RECOVERY 0 — 25 X
60/2° — SAND FILTER—=]
ROCK CORE RECOVERY 25 — 50 X
60/2"
SM|  BROWN SILTY SAND w/ GRAVEL ) ROCK CORE RECOVERY S0 — 75 X%
Pz-35 TP 120/11° EZOMETER sasa || oI%
EL 526.8 /e il TP Et. 526.8 18] = ROCK CORE RECOVERY 75 — 90 %
U o oW oo 3 ROCK CORE RECOVERY 80 — 100 %
S 120/8 F/;"WWCE RV RADED SILTY SAND EL. 512.9 ELEVATION BOTTOM OF EXPLORATION
S sP-su—T=
e NS Q0
Fa, ¢ ®,
%9 GRAY, COARSE GRANMIC GNEISS
(26260
o
I Selele?
PZ-3 TP GRAY, COARSE GRANITIC GNEISS NOTES:
— BOTTOM OF BORING EL. 512.9 1. SEE PLATE 6 FOR BORING LOCATIONS.

2. ELEVATIONS REFER TO NATIONAL GEODETIC VERTICAL DATUM (NGVD) OF 1929.

- 0 10 20 FEET
1" =10’
U.S. Army Corps .
of Engineers Instrumentation Evaluation

ENGINEERING LOGS
FD94-3

Waltham, Massachusetts Blackwater Dam
— New Hampshire

—(—Q GEI Consultants, Inc. Project 97494 Nov. 1997 Plate 9
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Q \\ AR \\ \
;b_ \‘ v o\ \ \
% } (IR
\ > w 4 /} /! /) “6\0@0&{
§‘ l/ / / f/ d\\ Q\
o t ot {1 o N LEGEND:
\ \ \ ! d\
: C l \ N \\ \\ QO* )
el P\ RN SN \Sss > Al CREST SURVEY MONUMENT
VoS \ NIe) .
! V2HON O\ RSN
\ Lo | ¢ N\ WL & LA
\ PR % W 9N . — e CONTROL POINT FOR VERTICAL
\ 60/ AN S { 5 G O | AND/OR HORIZONTAL CONTROL
- ! IRAR\G \ Sf\ \ AN
\ IR\ Y \ AN AN
CREST MONUMENT COORDINATE DATA
OCTOBER 1975 APRIL 1978 MARCH 1986 JUNE 1991 JUNE 1996
MON. # NORTHING EASTING ELEVATION |  NORTHING EASTING ELEVATION |  NORTHING EASTING ELEVATION |  NORTHING EASTING ELEVATION |  NORTHING EASTING ELEVATION
1 N/R N/R 585.107 | 296808.953 | 484535.164 | 585.108 | 296808.941 484535228 | 585.115 | 296808.941 | 484535228 | 585.110 | 296809.079 | 484535.307 | 585.091
2 N/R N/R 585.291 | 296961.906 | 484662.561 | 585.294 | 296961.907 | 484662.657 | 585.296 | 296961.845 | 484662.615 | 585.279 | 296961.949 | 484662.611 | 585.282
3 N/R N/R 585.251 | 297114.751 | 4B4789.786 | 585.335 | 297114.807 | 484789.903 | 585.304 | 297114.807 | 484789.903 | 585.262 | 297114.887 | 484789.922 | 585264
4 N/R N/R 585.035 | 297267.770 | 484917.140 | 585.033 | 297267.688 | 484917.270 | 585.030 | 297267.688 | 484917.270 | 585.013 | 297267.830 | 484917.279 | 585.000
5 N/R N/R 556.790 N/R N/R 556.759 N/R N/R 556.788 N/R N/R 556.80 N/R N/R 556.731
- NOTES:
: NOTES: 4. N/R INDICATES INFORMATION NOT RECORDED.
CONTROL POINTS COORDINATE DATA 1. ALL ELEVATIONS SHOWN ON THIS SHEET 5. WITH EDM SET ON CONTROL POINT "C—1" CREST MONUMENT 0 100 200
— ARE IN TERMS OF FEET NGVD. 5 COULD NOT BE SIGHTED DUE TO ITS VERTICAL LOCATION —— e ——
ONTRC NORTHING EASTING ELEVATION » BASE PLAN AND SURVEY DATA PROVIDED BY APPROXIMATELY 29 FEET BELOW CREST OF EMBANKMENT. SCALE, FEET
CORPS OF ENGINEERS. 6. CONTROL POINT C—1 ESTABLISHED AT THE 1991 SURVEY.
A 296702.084 | 484446.188 ©92.65 3. MEASUREMENTS SHOWN (FEET) ARE FROM JUNE, 1996 ‘
B 297597.704 | 485191.807 .87 : ’ U.S. Army Corps . .
5191.80 580.8 SURVEY. REFER TO SURVEY BOOK F C 395 AND PLAN of Engineers Instrumentation Evaluation |CREST SURVEY MONUMENTS:
C 297218.911 | 485241.480 N/R SUR—389 FOR DESCRIPTION AND LOCATION OF CONTROL
POINTS. B TORED IN NEDED DESIGN BRANCH Waltham, Massachusetts Blackwater Dam GENERAL LAYOUT, LOCATION
c—1 296795.200 | 484823.819 N/R . BOOK STORED E ' — . New H hi
SURVEY UNIT. PLAN STORED IN NEDED DESIGN ew Hampshire & SURVEY DATA
D 296872.457 | 484878.170 N/R BRANCH, CIVIL LAYOUT SECTION. (D

GEI Consultants, Inc.

Project 97494

Nov. 1997

Plate 10
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Al CREST SURVEY MONUMENT
CREST SURVEY MONUMENT VERTICAL MOVEMENT 1
10 LEGEND FOR VERTICAL MOVEMENT _¢A  CONTROL POINT FOR VERTICAL
SYMBOL DESCRIPTION | AND/OR HORIZONTAL CONTROL
« A CREST MONUMENT SURVEY 143
= 05 INITIAL ELEVATION OCT. 1975 DIRECTION OF HORIZONTAL
rs ) o CREST MONUMENT SURVEY m\)/E';AgEgg BETWEEN 1991
; 1 e 4 5 APRIL 1978
3 o X | MARCH 1986 NOTES:
S o5 _ @ | SREST MONUMENT SURVEY 1. ALL ELEVATIONS SHOWN ON THIS SHEET
' ) CREST MONUMENT SUR\)EY ARE IN TERMS OF FEET NGVD.
o JUNE 1996 2. PLAN DRAWING PROVIDED BY
0 CORPS OF ENGINEERS.
0 0.20 0.40 0 100 200 US. Army Corps ) .
T — e of Engineers Instrumentation Evaluation |CREST SURVEY MONUMENTS:
HORIZONTAL MOVEMENT SCALE, FEET PLAN SCALE, FEET Waltham, Massachusetts %‘?Ck\'ﬂ_idter Dam HORIZONTAL & _\r/ERTICAL
1" = 0.20' 1" = 100’ E,— ew Hampshire MOVEMENTS
_‘Q GEI Consultants, Inc. Project 97494 Nov. 1997 Plate 11
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TOP OF DAM

EL. 584 ¢ OF CORE

590 — — 590

5801— ! ”\ S 25 (PZ-3A,3B —{ 580

3'—0" SAND & . |1 -

570l— SPILLWAY CREST GRA?/EL BACKING FD 94-3
N EL. 566.0 l —| 570
5 L EL 5648 a
S 560/— COMPACTED | COMPACTED —lse0 3
z DUMPED ROCK IMPERVIOUS PERVIOUS FILL - z
, APRIL 1996 FILL NS 2'-0" SAND & GRAVEL |
L 550 HIGH POOL EL. 548 COMPACTED H 1'—0" GRAVEL —1 550 &
L PERVIOUS FILL DUMPED ROCK =
(Z:) 40— _ __________ —1 540 %
-2 A sl s T 2
& 530— ~ —1{530
W AVERAGE RIVER PNt e . s w

520— EL. 518 SURFACE 2 K (\\f\/\\f\\{\\,<\ &4(«@\\%\««{\\%\«\«\«&{\\{(/(\\\5\%«(%(%<«<§‘ —1 520

| EL. 513.5 ; EL. 512.9
ESTIMATED
510— ROCK LINE —1 510
500L— —I 500

SECTION A—-A — STATION 7+60

LEGEND FOR GRAPHIC LOG

Pz.— 1 A’1 B PIEZOMETER NUMBER
FD 94..1 BORING NUMBER
NS | NOT SAMPLED

NR| NO RECOVERY OR UNSATISFACTORY
SOIL SAMPLE RECOVERED

SP GROUP LETTER SYMBOL ACCORDING TO
ASTM D2487 AND ASTM D2488

. SUBSURFACE WATER LEVEL IN BORING
17 0.D. PVC RISER PIPE 4 DURING TIME OF EXPLORATION

22 N-VALUE FROM STANDARD PENETRATION
TEST, BLOWS PER FOOT

20 BLOWS PER FOOT WITH 300 POUND HAMMER
AND 18 INCH DROP

GROUND SURFACE  EL. 581.7 GROUND SURFACE

NOTES:
1. SEE PLATE 6 FOR BORING LOCATIONS.
2. SEE PLATES 7, 8, 9 FOR BORING LOGS.

3. ELEVATIONS REFER TO NATIONAL GEODETIC
VERTICAL DATUM (NGVD) OF 1929.

97494-05 11/20/97 DJM

PIEZOMETER TP EL. 520.7

COBBLES OR BOULDERS (CORE — DRILLED)

COARSE GRAVEL OR NESTED COBBLES AND BOULDERS
EL. 517.7 ELEVATION OF BEDROCK SURFACE

ROCK CORE RECOVERY 0 - 25 %
ROCK CORE RECOVERY 25 — 50 %
ROCK CORE RECOVERY 50 - 75 %
ROCK CORE RECOVERY 76 — 90 %

ROCK CORE RECOVERY 90 — 100 %
EL. 516.9 ELEVATION BOTTOM OF EXPLORATION

0 30 60
| ‘ L I

' SCALE, FEET

U.S. Army Corps
of Engineers
Waitham, Massachusetts

¢

GEI Consultants, Inc.

Instrumentation Evaluation
Blackwater Dam
New Hampshire

STATION 7+60

Project 97494

Nov.

1997 Plate 12
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97494-06 11/20/97 DM

590—

580|—
SPILLWAY CREST 8@3&3@1&?&0

570— EL. 566.0 v

w
(o]
[«}

DUMPED ROCK
APRIL 1996
550— HIGH POOL EL. 548 w _

ELEVATION (l-_r - NVGD)
I v
O >
o o

AVERAGE RIVER ORIGINAL

ROUN
520— EL. 518 AV SURFACE
- ESTIMATED
510 ROCK LINE‘\
s00L— %

LEGEND FOR GRAPHIC LOG

PZ—1A,1B)\ PizoueTer NuMBER
FD 94—1 / sorne nuMBer

COORDINATES

EL. 581.7
484815 E
297183 N

GROUND SURFACE ELEVATION EL. 581.7 GROUND SURFACE

1" 0.D. PVC RISER PIPE

PIEZOMETER TIP EL. 520.7

TOP OF DAM

v PROJECTED PIEZOMETER READINGS

v MAXIMUM RECORDED GROUND WATER ELEVATION
DURING APRIL 1996 HIGH POOL EVENT

v AVERAGE NORMAL GROUND WATER ELEVATION
(DATA FROM 1992-1997)

ESTIMATE PHREATIC SURFACE FOR
APRIL 1996 HIGH POOL EVENT

—— e —

NOTES:
1. SEE PLATE 6 FOR BORING LOCATIONS.

2. ELEVATIONS REFER TO NATIONAL GEODETIC
VERTICAL DATUM (NGVD) OF 1929.

3. NO PROJECTION OF PIEZOMETRIC ELEVATION WAS
MADE FOR PZ—1B DUE TO SCATTER OF DATA.

EL. 584 ¢ OF CORE
|
PZ—-1A,1B PZ-2A,28
FD 94-1 FD 94-2
A B
A B | | EL 5853
€.2817 ‘l 25 Z-3A,3B
2 |1 FD 94-3
COMPACTED El._564.8
561.3
v COMPACTED PERVIOUS FILL
IMPERVIQUS
FiLL
El. 548.6 W El. 537
~==COMPACTED ———— _ 1] w €. 544.8 _
~—LE 541, £l. 536.5
£l 537.5_?17 o EL 534 s El._ 534 __
—— T el 527 |l B E. 5378w/ B o l. 53EA!1.853_4,0____ EL 53327
. 528.3 El. 531.2 g ': TP EL. 527.8 - TP EL: 596.8 ; i El. 529.2
TP £L 520.7 [l TR . 530. R
''''''''' \ \§ N » AN A b-f ANAN )\\ YANYON AN AN
SN ,(\\/<<\//K\//~// o A BRITREL 5158 e L 5138 [
DRAINAGE
BLANKET
SECTION A—A — SECTION 7460

——— e
———— ——

2’0" SAND & GRAVEL
1"—0" GRAVEL

DUMPED ROCK

— —

ANAN /<\ COVN AN AN NN

ESTIMATED PHREATIC SURFACE
FOR APRIL 1996
HIGH POOL EVENT

0 w 30 60

e —

'SCALE, FEET

— 590

— 580

—1 570

]
[o2]
(@)

631 (9]

» o

(@] (@]
ELEVATION (FT — NVGD)

/
l
w
]

w
N
(o]

— 510

— 800

U.S. Army Corps
of Engineers
Waltham, Massachusetts

Instrumentation Evaluation
Blackwater Dam

99_ GEI Consultants, Inc.

New Hampshire

WITH PIEZOMETRIC
PORE WATER ELEVATIONS

Project 97494

\
STATION 7+60
|
|
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CORPS OF ENGINEERS, U. S. ARMY .
NEW ENGLAND DIVISION
FOUNDATION AND MATERIALS BRANCH
FIELD LOG OF TEST BORING

PROJECT NO.

Hole Mo,ED=-\Diam. (Casing)__ 6" Boring Started____1-16-5¢
Co-ordinates: N 297/F3 ¢ LEYLT/S Boring Campleted 7-182-9¢

Orilled by DAvin BOw DEM  MOBILEDISTRICT  Report Submitted

_—

Purpose of Exploration _ Ser Pz- | A& B

—_— e

Elevation Top of Nole Nz 261'7 n.s.L. ~ Casing Left in Plece lOlﬂ‘OtE.CT\\lEL Yipe F.;g
Total Overturden Orilted (2. G rest :
Elevation Top of Mock N/ASIT 2L
Elevation Bottom of ole____ AN/A 5/6,9 wg.L.
Total fock Orilled 04 (R8) reet
Total Desth of Mole (4.8 Feot
Core Recoversd AN A <
Core Recoversd N8 FL: N/Adim.___ In,
Soi1 Samsles /S n Olwm /G Wo. 3
Soil samsles In. Dieme___Mo. Walar Table Desth S22 G
(= = ——— - ——  ——————— ' ——————————
Deoth Method of Drilling (ex
Froa | To and Tyse of Bit Used : '
o ¢ 1 67lasiva wy Dis Bir 70 Cout Sround Water Sack of Page ___
i) LE Dot oEr (o) Oor || Boring location Sketch _ tack of Page
W/ EYR (BB) SEr Z'L" hlossins]] Ovarmrdan Record Page
5.0 Baol  ADUAICE b L) u{/557g) =2 Rock Orilling Prge
7 . hye
Page
he
Presared i _Dousloer o,
\ Fiold Tata Gb tata
Sutmitted by :
MED occ s |21

REPLACES EDITION OF JUN S1 WHICH MAY BE USED UNTIL EXHAUSTED

PLATE A1



Uu.s. »7my Site BLACK\waTE T Dam Poge Rof 10 Pages
CORPS OF L ,INEERS

NEW ENGLAND DIVISION [Boring No.EQ-A4-1Desig. S ¢ Diom. (Casing) _¢"

FIELD LOG OF TEST BORING |Coordinates: N_2 97 /83 ¢ 4848/ <

Elevation Top of Boring 5 & \7 M.S.L. Hammer Wt. 140 \b Boring Started 1-16-S4

llllllllll]llli!llllllll[llllilllllllllllﬂlT]llll

Total Overburden Drilled __(0<& . & Feet Hammer Drop 18" <-18
Bor| | - -
Elevation Top of Rock INIEZ 5'7-3M.S.L. ~ Casing Left N /A oring Completed 1= 18-34-
Tota! Rock Drilled O.4-(R8) Feet  Subsurface Waiar Datogl — 52.9 Poge e
Elevation Bottom of Boring A S/, MS.L. | Obs. wail
Total Depth of Boring A8 Fest  Driiled By —nodwe(Coe) Davip Ray oen
Cors Recovered _N/A 94 No. Boxas —N/A  Mfg. Des.Drill _EAALING, 314
Core Recovered _N/A Ft :_NyA Diam. hVA_In. _ Inspected By: Dcvuuci laae B\ @nen
Soi | Samplel_JL_ln. Diam. /&_No. Classification By: DMT\ME.:SW
Soil Samples In, Diam. _____ No. Clossitication By:
DEPTH | CORE/SAMPLE [BLOWS
ER FT. SAMPLING AND CORING
s ¥ No. s'ztm%gsv OPERATIONS CLASSIFICATION OF MATERIALS
= Remavz Laegs -
—" BOULQE—QS b\\ \%MD
E TOQeT (eoacia
) = S™MeTen, seT 2!
- L' ac
] - ASING. NO SAmPLES
ey !
Z Oewlees use_%slg
2 7] ROW-RvT ™ _
- ADU ANCE Ror A&
__:. T\-\\(‘O. 2'\ P~ R P‘ 2
3 anrb.uq\ o“uswe/.
- .
2 T /05
3 O/OA)TD‘ w/ 5% @5)
—_ |
- TO ADUANCE@(/ﬂ%.
7 My POLY—-SAL@)
&4 ]
- INe
3
S el
GENERAL REMARKS:
ED ‘v BB(Test) Boring No, £O-94-1
MAR T :

PLATE A.2




Site BLACKWATER JdAM Boring No. . Page 3 __
FO-34 —1
RLACKWATER RWER, N H. of 1o
DEPTH | CORE/SAMPLELDVS!  SAMPLING AND CORING
- Fiicone OPERATIONS CLASSIFICATION OF MATER IALS
N ! ' [ ] N | 3128 e rEcyY
) {L—1 [
] RIP- RAP w/ COMPACTED |-
] PERVIOUS Sous ol
_ 73 -
- il
~ R — -
. — -
9 — =
; - 5% Rock RIT =
i COMPACTED Peruiavs [
. - SOWS W & 2AvS. 2 TR —
n— Cabbles. —
_ 17— —
[y - d- \3.0 —
- - CanTD On PAGE 3 =
o FRA(Test) Boring No. ED-A4-1

PLATEA.3



Slte BrackwaTer T

N

Boring No.

BLACLWATELE, Rwe2, ~NH. FO-S94 -\

Page 4
of 1o

[ XY s12¢

DEPTH | CORE/SAMPLE[S-O¥S

RFT.

D PiMcone
PUANGE] AEC'VY

SAMPLING AND CORING
OPERATIONS

CLASSIFICATION OF MATERIALS

3 & b IN
Illl'llllllllllilllJLlHllIIIIHIIIHIIIIIIIIJJHllllﬂ']Hllllllullll

oo

Y

20

z\

1 1id llllllllll

55 [COCK RIT

COMPACLTED PERVIOUS
SOILS W GRAYS. 4 TR
Cobbles

d-alo

ConTd oOn PAGE. 4

FPTTd ITTIIHIFlll|lll|l|lllllllllllllllll”llIHTIIIIIIIIHIIHI,IIHIIHIIHIIIIHI

™ FBA(Test)
PLATE A4

Borina No. .&_?‘_4;



Site RQLACKWATER HAM Boring No. co-ad -1 Page _S__
=~ BLACKwATER WINEZ, N.H. 1 of 0
DEPTH | CORE/SAMPLE[I2TI!  SAMPLING AND CORING
P coRe CLASSIFICATION OF MATERIALS
ot | we nze o dcone OPERATIONS
¢ b
- 2o C—
— 1-3": :
= —
. > 4] -
— : —_
| CompPacTED PERVIOUS -
= 5% Cock T LOKS W Geavs. ¢ TR —
- Cobbles. -
25— -
= i
~ s
2 gmm] -
2.'7.——" :
: d_ - ZC\_O -
z4 —
— - ConTD on PAGE 5 —
1 BBA( Test) Borina No. -4~

PLATE A.5



Site RLACKLWATE  DAM Boring No. T Page _&
- T —
BLACKAWATEZ iVEE N H. | of 10
OEPTH | CORE/SAMPLELOUR ! SAMPLING AND CORING
fo L | we [are nﬂsgg_sv OPERATIONS CLASSIFICATION OF MATERIALS
. -
30—l -
— CompPactTep PE2VQUS [
- Solks W\ Gz avs. 2 e —
- Cobbles, —
32— —
3R — -
— e
- d-34.0 -
= sSQ SAmeLE w| V33 ' D erj <\ (1:-25'):
40— SPLITSPooA VSNG 140lb, SAN D o) e —
- ! \'\’\QMME_E)' \? \n. QeoP 1" W -
310 ©0 Gravel Ja= " -
35— =M —
Flp ] -
- AR [ SAMPLE w13y 1D SPLTSPaN 6\'—0‘3 g\\*‘ﬁz.r(\‘w —
. (6 VSInG 190 b Hammee UJ‘ SAND \W \ \ L;_
= uo | 1€ Dro® Grave\ Yo = =
a '_7 ' s M -
129 - =
] ConTo ON PAGE. (o -
ﬁtﬁEA( Test) Borinag No. Fo‘qq"l

PLATE A.6



SHG BLALKWATE!E- 'D A BO(inq No. PQQQL
- BLAGLWATEZ BNEZ NH FD-94-1 of 10
OEPTH | CORE/SAMPLE[INS!  SAMPLING AND CORING cLassie
B o P P M:g:g:.s' OPERATIONS SSIFICATION OF MATERIALS
B 2 -
- 38— [
- 42 | sampee w 13 1D SPLITSPooA Gr-a Lﬁ %\ \-*'3(\§'25):
, -] VSNt 140 \b Hawmmee —
- A m = —
g W8 Dro? \SA‘\\D W/ T [
- -7 COD y vy ‘ Ly :
-~ 3 ] Gra vel XY il
- —
_ e —
- 45 |sampLe w(1} 1D SPUTSPOOA -
— ¢ USinG, t4olb hrmmer —
- I (o | W18 DROP -
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— n USing 140l Hammner —
— /‘7 GO | w19 DRoP -
4"5-—_: E_
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- e \ —
4 S fen PLE. W\ V3" 1D SPLATSPe0A ~
m (O |VS\NGg a0 th HawmmEeER L
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- CLonvo on Paime 7 —
™ RSA(Test) Borina No. M

PLATE A.7



;D" C\ 4‘") of 10
DEPTH | CORE/SAMPLE 'i}; SAMPLING AND CORING
| e szefecare OPERATIONS CLASSIFICATION OF MATER IALS
. 1 —
- ‘ -
- 4¢ S AmMPLE W '3/3“'0 SPLITS Poon Gy-a\j 5\\"(’ -
- ~ VSiNGg 1401b Hammere ‘ 6 ND..
4 ! w18 Deo P | -
- Lo \ : —
- " w/ T Gravel E
_._‘ ) 3 L] ] :_.
] \ - [
- SM =
- ‘ 37 | SampLe w/ I?g’“\b SPLITSPOON 6 ra 3 S\ \-Lr -
= VS in& 1qoth Hawmmee (\5-—2,':) S/A\ D
= WA 19 Drs @ -
- GO \
-1 — W/ Tr GM\/& -
4] Y | o —
e =l Ok
= =
50—y —
J S8 | Sampew/idy" oS PLTSPoON -
__—1 C;- US!(\% \¢-otb Hﬁvﬂﬂ\;—z . —
4 GO (W9 Oesr —
| —] o
N E
3 —
4 o ST |sampLe w['[%“,o SPLITSPOIN -
—1 7 USI0e 140 th dammEe i
J Lo |W\R! DeoP -
s3 . =
= ConTh 9N PAGE 8 [
" B8A(Test) Borina No.w

OI ATE A Q



Site — Boring No. Page _9
B BLACKWA TEL DAM Co_%a - | of b
DEPTH | CORE/SAMPLE cen st SAMPLING AND CORING CLASSIFICATION OF MATER IA
. fon | e [ m:gggv OPERATIONS ERIALS

N e 4 : :
= 16 G qu %\\'\'(3(23) -
= 2g | SampLEw 195" 105 PLITsPOON S A\‘\D l"I‘J/Tr' -

| il el A O =
4 = 34 ° SI™M o

: .
= -
4 O =
. S0 : 6\"“ 5\\'\C (_ZO’SQ)E
- 10 4 D =

_ SARD W/ T =
. — u—\ v
- = Iz Cravel Y& =2 E
57—- Sec. A bore_ 6M —
= 5 d 22 =
- ! -
- 37 26 =
Y- p— —
: - 22 CgreemS\n S‘H'_‘j C
- (\o-20) GRAVELE
_ 35 -

s5—1 Cld =
'__' - 45 —

= —
377 S5 =

- 60— — - —
= (L0 Greenidh g\\*") -

q 4 (X GRAVEL "
ad —- -
1 L 2 , =M -

Gl /7 1 ¢ E_
- . tontn O0n PAge. 9 —
- y -

‘o BAA(Test ) Borina No. T = T4-]
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WA Des e
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S QLACKWATER DAm Boring No Page 10
V:D—C\A(r._‘ of o
ALOwe
DEPTH | CORE/SAMPLEL J¥r| SAMPLING AND CORING
|"(’. e, ='1=Nﬂj::g.5, QPERATIONS CLASSIFICATION OF MATER IALS
(L0
!

G*"ﬁﬂh‘éf\ S\\Aﬂﬁ
(\0-26) G RNEL

G™M

TTTT

DelllEe USED S €8
n Pesr 2£.
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BOoK
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- FBA(Teast)
PLATE A.10
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Borina No.



PIEZOMETER INSTALLATION LOG |IPAGE of

Project Date 7-21—9qg-
Northing PZ Number P2-) A2 B
Easting | Hole Number - ED—-94 -]
Start - 14—-94 Inspector ! Jones< D
Complete| 7 - /6 —94 Pre-Install Pz Length o
Sounding |/4- & /.0 /B— 49,0 Riser Cut-off

Piezometer "A" stick-up is always longer than piezometer "B".

All Depths are taken from the ground surface. PZ-A PZ-B
Piezometer Stick-Up .9 lzoNA
: |
- nn |
Ground Surface 0
Type of Fill Material 2andom F,uf NA
Depth Bottom of Casing ©- 8.0 | NA
Dia. PVC Pipe /Schedule 34" . 4
Depth Top of Plug D -0 NA

Depth Bottom of Plug D—-45 o NA

!

- Type of Fill Material pLA%SMD? NA
I - Depth Piezometer Tip NA 49 0

Depth Top of Plug M A i NA

Depth Bottom of Plug N A NA

Type of Fill Material PLAY SANRD NA

Depth Top of Plug D-51.0 | NA

Depth Bottom of Plug D-S80 NA

. .Type of Fill Material Ploy-SAnD NA

|
' .. DepthPiezometer Tip o-61D | NA

Notes:

PLATE A.11



Site: BLAK wHTEZ Do

Boring No: £2p 94-) SUBSURFACE WATER OBSERVATIONS
DEPTH-BOT. | DEPTH-BOT DEPTH ELEVATION
DATE | TIME | 6F CASING | OF BORING TO WATER WATER REMARKS
7-19 52.9 P2 -4
43. 7 P2-18
7-20 549 P2- LA
L'i“f/; PZ“/-E
7-2.1 55,3 P7 -1k
42. 9 F2-18

Note: Depths are in feet below original ground __ — --- -

BORING LOCATION SKETCH

|45

Llice

+e 23 e s gum )
H;E:.,Mm‘}}mu JAemn 3y \J
N 1xel et by dantracting ir.

~

’

PLATE A.12
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Yot timits Yor el
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ey
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€L'vi3alvid

FIELD LOG OF TEST BORING IN ROCK

BITE ROLE NO. PAGE
DEPTH RUN DRILLING BERAVI1OR BIT NO.
rT vy oy ACTUAL 81ZE
DATE . RUN REC'V 'Y | REC*V* Y REASBN
PT. PT. % PEED WATER FOR DRILLING AND AD[:::;g';ABL
PROM 10 POLL TINE TYPE
Nno eoclg. Cok o
TOTAL BED ROCK DRILLED PERT
TOTAL BED ROCK RECOVERED VERT DRILLER
BFD ROCK RECOVERY PERCENT "_BP'CTO!
FORM
"EDD(C 6) '30 PEFLa (" [~ "IN NE APk &3 WH TH MAY BE USE™ UNTIL EYHAUSTED



bL'v3Lvid

SITE: ORING NUMBER:
DATE: IEZOMETER NUMBER
START TIME -DATUM ELEVATION:
POOL ELE.: INTIAL WATER DEPTH
FROM TOP OF RISER
LAPSE TIME| CLOCKTIME | DEPTH |ELEVATION
00:00:00 08:17:00 AM 583.7
00:00:15 08:17:15 AM 582.2
00:00:30 08:17:30 AM 581.8
00:01:00 08:18:00 AM 581.4
00:02:00 08:19:00 AM 579.9
00:04:00 08:21:00 AM 575.6
00:08:00 08:25:00 AM 571.9
00:15:00 08:32:00 AM 564.7
00:30:00 08:47:00 AM 556.9
01:00:00 09:17:00 AM 551.3
02:00:00 10:17:00 AM 547 5
DATE REVISED: | _09/02/94]
INSPECTOR: [étig
REMARKS:

09/02/94

BWPZ01AF.WK4



S1'V3alvid

09/02/94

Blackwater Dam

07/21/94

=)
N
T

HEAD RATIO H/Ho
o
-
1

L

00:00:00 00:28:48

Performed by:
Doug Jones

00:57:36
Time

& PZ-1A

01:26:24

01:55:12

02:24:00

BWPZ01AF.WK4



91’V 3lvid

SITE: BORING NUMBER:

DATE: PIEZOMETER NUMBER |
START TIME: DATUM ELEVATION:
POOL ELE.: NTIAL WATER DEPTH

FROM TOP OF RISER

LAPSE TIME| CLOCK TIME |

TH A]ELEVATION

00:00:00 08:10:00 AM 583.8
00:00:15 08:10:15 AM 583.3
00:00:30 08:10:30 AM 583.0
00:01:00 08:11:00 AM 582.8
00:02:00 08:12:00 AM 582.6
00:04:00 08:14:00 AM 581.4
00:08:00 08:18:00 AM 579.4
00:15:00 08:25:00 AM 574.2
00:30:00 08:40:00 AM 564.5
01:00:00 09:10:00 AM 558.5
02:00:00 10:10:00 AM 55623

DATE REVISED: |[_09/02/94]|
INSPECTOR: j

REMARKS:

09/02/94

BWPZ01BF.WK4



L1’V 31vid

09/02/94

Blackwater Dam

0.8—

0.6—

HEAD RATIO H/Ho
o
o

Performed by:
Doug Jones

07/21/94
\m
00:00:00 00:28:48 00:57:36 01:26:24 01:55:12 02:24:00
Time
@ PZ-1B
BWPZ01BF.WK4



CORPS OF ENGINEERS, U. S. ARMY
NEW ENGLAND DIVISION
FOUNDATION AND MATERIALS BRANCH
FIELD LOG OF TEST BORING

PROJECT NO.

Site_BlaChwaosresr Dpwm Page | of 1O Pagas

Hole Ko.ED-G4-2 Dimn, (Casing)__ (o Boring Started___ 7 —/C— 7Y/
Co-ordinatas: Nﬁ’?/é'/ne 48%847 Boring Completed ~/ ""/6/-'4(/
Orilled by Doy Bowoa) MO BILEDISTELT - Report Submitted

Purpose of Exalont‘ion S~ P2-2 A i
\\\

Elevation Top of Mole N4 S 85,3 ws.L. Casing Laft In Pleca /O ' POTECTIVE £)Pe. souny

Total Overturden Orilled __(o/, - Feet

Elevation Top of Mock A B 5237 ws.L

Eloation ottm of Nole___NA 57/3 ¢ wa.L

Total ock Drilled /0, __Feet

Total Desth of Mole 214 Feot

Core Mecoversd $

Core Recoversd _ 2.9 fu.: Dian. In.

Soil Semsles _[70 15> i, diem_i | _pa.

il Sameles NIB 18 Disse____ Mo Vater Table Deoth __SS.7

Oeoth Mathod of Drilling 11 .3

Fram | To ®d Tyse of Bit Used . ’

00 180] 0ricar Aue Dirpg 70 K /4] ]| tround water Back of Page
g’l’/}-ug Se 1 N " CpCon Boring Location Sketch_____ peck of Page _
Mix  ‘Pole,—Spe ©_ ,?:3 ‘ Overiurden Record Page

Y2852 pouancE Pocine w) S50 22 Rock Orilling Page

RIDWIILSTD S w) I8 p S plirgposa hage

bL.Y[71.9 HQuL Ty 379 Page

. Page

Rk N R —_—

Sutmitted bty

MED o es |21

REPLACES EDITION OF Jux 51 WHICH MAY BE USED UNTIL EXHAUSTED

PLATE A.18



u.s. 7 vy

CORPS OF Ei.._.«NEERS
NEW ENGLAND OIVISION

FIELD LOG OF TEST BORING

Site _BluyCAWATE = DAmM Page of 4O Pages

Boring No.FD-94-20esig. SF£__ Diam. (Casing) _&'!
Co-ordinates: N 7 7/5 6 B ABALBs S

=
Elevation Top of Boring Né/’é

Total Overburden Drilled 2/

Elevation Top of Rock
Total Rock Drilled

10,4

Total Depth of Boring

218

Core Recovered

Core Recovered q Ft

-2 M.S.L. Hammer WQ._LM Boring Started 7—1(-2 /
4 Feet Hommer Drop M
N1A L3 ML, Casing Latt NiA
Feet  Subsurface Waier Date 55, 7 PFage:
Elavation Bottom of Boring__NA ___ MS.L. | Obs.Well
Feet Driiled By MOBILE Disr2LT D/}ulo&woaj

Boring Completed 7"/!“?/'

% No.Boxes ___!  Mfqg.Des.Orill __FAILING 314

Soil Somples ____A/AQ ___ in. Dlam,

[4
g : Diam. In. Inspected By: ng% /W 3 ZQgg
Soil Samples " '..JZ’ —in. Diam. 2/_No. Classification By: ___

No. Classification By:

DEPTH | CORE/SAMPLE [BLOWS

ER FT.

"s ;¢ NO. | SI1ZE
[

CORE
REC'VY

SAMPLING AND CORING
OPERATIONS

CLASSIFICATION OF MATERIALS

=
=
“3 76" LY Chs g
_—: MIX Pd%_«s /e,
. vse S B8 T?
-
=2 povenee LorNG
-
E
=

DrEe vse 3"
Quc-7 ™ ADUANCE.
bam\tg 0 8lser

GENERAL REMARKS:

Lom pACTED m periidas
e w) G 3 Cblls

YT TV T T T T rTIr I T T T i TrfvirTryrrITryTIrr et

wrg o B(Test)

Boring No. FD-94 -

PLATE A.19



Site Boring No. Page 3
BLACKWAHTERZ A 2D -4 -2 -—

of _to

[+]
OEPTH | CORE/SAMPLE[-O¥S!  SAMPLING AND CORING

- PHeome CLASSIFICATION OF MATER IALS
"a Mo |12t daecvy OPERATIONS

—_—

Comp ACTED W 2rlidus
ConTD U\!\ 55/:9 2B F-\\_,L_u)\ &\m\;.‘{ C.obbles
o ADU A/\cabar.r\&)

Illllllllﬁ

N

~3

)

CquAc,rm wm peyrLI1o0US
FILC « Grpos 4 BX-
FRAS

- -~
- ()

P Y
l“lllllll“lllIllllllllllllllllllulllllllﬁlIllllllllllllll

:

lunlnnlnn

lllllllllllllIIHIIIIHIIHIIIIIYIIIIHl”lﬂlTHll”ll ITHVIHlllll,[lill]lul!lll”

"™ EBA(Test) Boring No. -9 -
PLATE A.20



Site Bering No. Page _4

- RBLACHWATER. L AM Fo-Aa--
A4 of D
| [€e} ]
) DEPTH | CORE/SAMPLE[Z-OTR!  gAMPLING AND CORING
"s |) HO ﬂ:;F‘::igsv OPERATIONS CLASSIFICATION OF MATERIALS
H—: ComPACTED \m Peruiods
3 F\L.L,u,\ Grov 32 RYFALMS
15—

=

I
3

llllllllllllllllllllllllllllllllllllllllllll

ConTo w) 5% R8

o

—
N
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E 32| Senpic w17 8 :
= o~ S PLiTsPoON, 14D 1) ék‘dv > -
3 Brawmm-e~ ) ' do S é; -
- a1 - 40 A \ (20 50) 5 ND:
= 0 w) Tr Zeqve :
— 3 =
- /’ o8 -
“Jo| | =ls 3
3 ) -
=4 =
- 3¢ -
55— —
- [l -
E L :
éD—E = -~
E { (& ;_
- 7% .
63 o ND S am PLE o
6/i._; TRPRK-. (5)4 :-
62 —] B —
. X P— —
7 2 ) 52z o
] Z=l— 4'55 -
- —_ O -
'@._“‘ ’ : ~ —
E . Df}b(, m ,a} }')/‘ qﬁfm:,ry:
] OF N Aenod ~Poak T
. / . Hqd Pressers= —IS0-2@ 1
by — W e repurn — 10970
" BBA(Test) Borina NO.M

PLATE A.26



Site Boring No. Page 0
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, PIEZOMETER INSTALLATION LOG IPAGE of
Project | Blrcica, EZ Dam Date 1-22—45¢
Northing PZ Number 7F2-7 A2 K8
Easting Hole Number FD—4949--2
Start 7-1lb—-9Y Inspector Jonec D
Complete | 7—1£—4¢ - Pre-Install Pz Length
Sounding |p724 69,4~ P2-2R- 57.< Riser Cut-off

Piezometer "A" stick-up is always longer than piezometer "B".
All Depths are taken from the ground surface. PZ-A PZ-B
Piezometer Stick-Up G |z, oNA
IR |
Ground Surface 0

Type of Fill Material
Depth Bottom of Casing
Dia. PVC Pipe /Schedule

Depth Top of Plug

Depth Bottom of Plug

________Type of Fill Material

___ Depth Piezometer Tip

Depth Top of Plug

Depth Bottom of Plug

_______ Type of Fill Material

Depth Top of Plug

Depth Bottom of Plug

_______Type of Fill Material

Depth Piezométer Tip

Cranipan FIL NA

9.0  NA
3/4~ " 374-”

48.0 NA

22.0 NA

DM%—SAAL{) I NA
NA é5'7.5"

N/A | NA

oA L NA

DLl SAnD NA

9.5 NA

L35 NA

Plany=SA K0 . NA

63,4 NA

Notes:

PLATE A.28

PZINSTAL.WK4



Site: _Blac watee DAM
Boring No: = —Ad-— o~

SUBSURFACE WATER OBSERVATIONS

DEPTH-BOT. | DEPTH-BOT. DEPTH ELEVATION
DATE |TIME | oF CASING | OF BORING TO WATER WATER REMARKS
7—20 55:7 PZ‘ Z 9—

465 8

7-2.1 £6.3 D22~
- Jg.¢ 26

h—tow Depths are in feet below original ground . —w====r-m==r @ =7

_ BORING LOCATION SKETCH

. < .
Sr0 ' - \.
58 ™~ \ §

X = r -

\ LY .ﬁ'.‘/
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g P77 MSiedetonty
4 “Jewoew rcosan
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S SO G a
*E:...,j-,.g.-, AN,
& rrxetedt by dantrecting ar.
e

7 +c oo ’:i’:.:"»m"l

AN

~*NED, ' 9%1.59(Test) : PLATEA29 -



0c'v 31vid

FIELD LOG OF TEST BORING IN ROCK

sire_BLackwanze Dpm noLx mo._ FO—94—gL Page
DEPTH RUN DRILLING BERAV]1OR BIT NO.
rT .y - ACTUAL BIZE
DATE . ROM REC° V'Y | REC' V' Y REASEN
PT. PT. % PEED WATER ron DRILLING | AND wzl:w"“‘
rrox| TtO PULL TINE TYPE MARES
[lblb 7‘.? SaZJ CJ’IO - th‘&ZmnS H’q
TOTAL BED ROCK DRILLED __!D.Q— pErr
TOTAL BED ROCE RECOVERED _ . resy DRILLER DAV Bowden
BFD ROCK RECOVERY PERCENT IWPECTOR _Dnyje, Yonecg
FORM
HEDD[C 62 Iao PEFLATE [7 "In DF APk &3 wH M Mav B USE™ UNTIL [XMAyYSTED




1€’V ILVid

SITE:  Blackwater Da BORING NUMBER:

DATE: {:PIEZOMETER NUMBER E

START TIME: DATUM ELEVATION:

POOL ELE.: NTIAL WATER DEPTH

FROM TOP OF RISER

LAPSE TIME| CLOCKTIME | TH |ELEVATION
00:00:00 09:43:00 AM | 00 587.3
00:00:15 09:43:15 AM NA
00:00:30 09:43:30 AM NA
00:01:00 09:44:00 AM 549.1
00:02:00 09:45:00 AM 536.7
00:04:00 09:47:00 AM 533.0
00:08:00 09:51:00 AM 530.4
00:15:00 09:58:00 AM 529.8
00:30:00 10:13:00 AM 529.6
01:00:00 10:43:00 AM 529.6
02:00:00 11:43:00 AM 7 529.6

DATE REVISED: 09/02/94
INSPECTOR:
REMARKS:

09/02/94

BWPZ02AF.WK4



¢e'v alvid

09/02/94

Blackwater Dam

07/21/94
@
3\? 0.4—
T
O 06—
}_
a)
w
T0.2
0 1 i 1 1
00:00:00 00:28:48 00:57:36 01:26:24 01:55:12
Time
- PZ-2A

Performed by:
Doug Jones

02:24:00

BWPZ02AF. WK4
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09/02/94

SITE:  Blagk ORING NUMBER:

DATE IEZOMETER NUMBERF
START TIME 'DATUM ELEVATION:
POOL ELE.: NTIAL WATER DEPTH

"~ FROM TOP OF RISER

LAPSE TIME| CLOCKTIME | DEPTH |ELEVATION

00:00:00 09:30:00 AM 587.3
00:00:15 09:30:15 AM 587.0
00:00:30 09:30:30 AM 586.9
00:01:00 09:31:00 AM 586.7
00:02:00 09:32:00 AM 586.2
00:04:00 09:34:00 AM 585.8
00:08:00 09:38:00 AM 584.7
00:15:00 09:45:00 AM 582.9
00:30:00 10:00:00 AM 577.3
01:00:00 10:30:00 AM 573.1
02:00:00 11:30:00 AM 566.9

DATE REVISED: 09/02/94
INSPECTOR: j

REMARKS:

BWPZ02BF.WK4
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09/02/94

Blackwater Dam

HEAD RATIO H/Ho
=)
L

=)
N
I

07/21/94
m\
B
\\\m
1 1 1 1
00:00:00 00:28:48 00:57:36 01:26:24 01:55:12
Time

Performed by:
Doug Jones

l & PZ-2B

02:24:00

BWPZ02BF.WK4



CORPS OF ENGINEERS, U. 5. ARMY
NEW ENGLAND DIVISION
FOUNDATION AND MATERIALS BRANCH
FIELD LOG OF TEST BORING

e
—

—

Site

BLACKIMWATEZ. DAwWA

e ——

PROJECT NO.

Hole Mo.FD-G9=3 Diam. (Casing)___ ("

Co-ordinates: N7 7/A2 € LI5YB G0
Orilled by DAViD BowDEN MOBILEDSTEICT

M—\—_\—\—‘ﬁ_

~ Purpose of Exploration S E7. P7- 3 /28

Page | of_& Pagas
Boring Started

7-19 —G¢

Boring Completed 7'2!’ -9¢

Report Sutmitted

(

. _—*———_—_——w —— ——

5064.8 ) ‘ -
Elevation Too of Mole N ra M.S.L. Casing Laft In Place _/Q' Pro TECTIVEE. P)Pe oot
Total Overturden Orilled 320 Feat
" Elevation Top of Mock NJAS22.8us.L
Elevation Bottom of Nole___ N /A 531.9 ws.L.
. Total Mock Orilled 9.9 Foot
Total Desth of Mole sL9 Feat
Core Recovered ]
" Core Recovarsd 9. Ft.: Olam. n.
Soi! Semsies /54 in. Dlem )3 we.
_ Soil Ssasles In. Dieme_____Mo. Water Tadle Deeth 5. 1
Death Method of Drilling 1eax
. From | To and Type of Bit Used
20190 Dritce—~ Pue bornaTo &' || Sround wter Sack of Page
ot §" pus. SET _7'46" @il || woring Location ketch Sack of Page
CasS. e oy )by ~Spc. @ || Overmurden Record Page
2.0 'J | mock oritting Page
2.0 60| AousicE Doring ) So9 286 hge
- D429 sto5/¢ B D SPLITSPoc) fage
4201514 HQ ZI4XY I 7K 4 hage
==- —
Prosared by Dol 2 (o
v Lab. (ata

FORM

WED oec 63 121

tield Uata
Sutmi tted bty '

REPLACES EDITION OF JUN S1 WHICH MAY BE USED UNTIL EXHAUSTED

PLATE A.35



U.S. AY

NEW ENGLAND DIVIS

CORPS OF ENGINEERS

ION

FIELD LOG OF TEST BORING

site Blatvware

Dawm Page Zof _¥ Pages

| Boring Né?%besiq. .554/? Diam. (Casing) __ &/
Co-ordinates: N 577 /232

E_LEY 890

Elevation Top of Boring

N A SL4-8 M.S.L. Hammer vn._/j’O_/b_ Boring Started ‘7”-/_?"‘7-‘-1L

Total Overburden Orilled

42.0

Feet

Hammer Drop

Elevation Top of Rock

[.?“

Boring Completed 1-2)-4
N/ A S22.%ms L. Casing Latt _Nua o9 “"P“N_\JJ_

Drilled By MOBILE DisrRcT  Davin Bowden

Sail Sampie..L%L_LLln. Diam. 13 No.

Douvre luar B\ ei~—

Total Rock_DriHad 9. Q .F'eet

Elevation Bottom of Boring N A </2.9 MS.L. | Ob's.vull

Total Deptﬁ of Boring SI.Cf Feat

Core Recovered ___ ®/s No.Boxes ! Mfg. Des. Orill _EA VL ING 214
Core &cworcdi& Ft : Diam. In. Inspected By:

Classification By:

N

Soil Sampies ZIn. Diam. No. Clossification By:
BLOWS
S| CORESMMPEiat | SAMPLING AND CORING CLASSIFICATION OF MATERIALS
s mHCQ-EE
| \\ NO. | 81ZE RECVY OPERATIONS .
——
| 3 Lewllee Us e g
3 Aoq T ADUANCE
- ’
7 barmg T ¥, Serv
: _ll(o“ QDH C«AS./\Q
2 Mi% s Poly—Sai,
- = ComPACTED Pervious
— VS SS9 2 e T .
- X - FiLe w| geae <
- e QU anNncz Torin “ CobllLes
|
3
F—
5 —

GENERAL REMARKS:

ITrTTrrrTr T eI e T T Ty rTrfrrITTprr I Tpiesd

PLATE A.36
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Boring No. -

Fo—-944 -3

Page 3
of ¥

—

-

SAMPLING AND CORING
OPERATIONS

CLASSIFICATION OF MATERIALS

] Slte RLACKCWATY
DEPTH | CORE/SAMPLE[SLOVS
= ‘._\\— wa |sizels gﬁ&v

Vet

ConTD Ly 55/3 RS

TO ADVANCE borm(g\
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o

7
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s FQA( Test)

Boring No. FD- -3
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' Boring No. . Poge <k
B ~ i
Slte. QLacrw ATE” Dawm P-4 -3 : o |
OEPTH | CORE/SAMPLE-8¥|  <.lBLING AND CORING
P CLASSIFICATION OF MATER IALS
" | 1] we ezt :jiig‘SV OPERATIONS
H - Conmn PAC-T'EQ PERVI0US [T
. FILL w Grav 4 ee., FAgS [
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Site ‘ Boring No. 3 Poge 5
QLACK-WATEZ DAm Fo-94-3 of Y :
DEPTH | CORE/SAMPLE[S¥R)  SAMPLING AND CORING
) e e 5 PERATIONS CLASSIFICATION OF MATER IALS
— " \ =
. n CO | sampte wy | 10 Brown S‘\Tj .
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Site Boring No. A Page
BLAQLW AT DA co— a4 3 of "L‘?
DEPTH | CORE/SAMPLEL ot SAMPLING AND CORING
" | e | z‘»’;:gﬁgv OPERATIONS CLASSIFICATION OF MATER IALS
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Sile Boring No. Page :Z

- BLACLWATER Ofm Fo -94-3 ‘ of _6
DEPTH | CORE/SAMPLE[ZSRS!  SAMPLING AND CORING cLnseir
e N | ‘ e size z:gii—gsv OPERATIONS LASSIFICATION OF MATERIALS
40
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p_— Gway Locrse B
7 OE | , raniTiC -
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4-S— -
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Site Boring No. “ Page <
BLACKLWATEL LAm ~D —*644-—3 of g

OEPTH | CORE/SAMPLE L°:§_ SAMPLING AND CORING

. PTH e CLASSIFICATION OF MATER IALS
l NG | Sz e REC Y QPERATIONS

ES
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N

DAl N m e~32m05
n penod ~Emodth

Hyo Press - S0E07

Warer rervra - 80 2,

Mo
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n

Box S51.9
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D
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PIEZOMETER INSTALLATION LOG |PAGE of
Project Rlatiu ree.  OAm Date - 7-Z4¢-949
Northing PZ Number ; - . . P2-3 AEZE
Easting Hole Number - FD—-44=3
Start Inspector ./ - Jonec D
Complete| 7 —iz|— 94 Pre-Install Pz Length |- g
Sounding| Z4- SL.D 2 B-380 |Riser Cut-off R
Piezometer "A" stick-up is always longer than piezometer "B".
All Depths are taken from the ground surface. PZ-A PZ-B
Piezometer Stick-Up 7..a- | 2ZsNA
I
T 1
Ground Surface 0
Type of Fill Material Barlgum FI/-L NA
Depth Bottom of Casing 7! 6" NA
Dia. PVC Pipe /Schedule 9. = 7."
Depth Top of Plug z9.0 . NA
Depth Bottom of Plug 32.0 NA
Type of Fill Material K, S AVD NA
/ i
Depth Piezometer Tip _NA 2%.0
Depth Top of Plug /4 NA
Depth Bottom of Plug Ny [ NA
Type of Fill Material Diie, SH D NA
- - 7
Depth Top of Plug a0.0 NA
Depth Bottom of Plug a0 NA
Type of Fill Material Plon, —S 40D NA
I Depth Piezometer Tip 50D NA
Notes:

PLATE A43



- Site:

BlAlL)ArEL Daw

Boring No:

. FD —9¢

-3

SUBSURFACE WATER OBSERVATIONS

DEPTH-BOT. | DEPTH-BOT. DEPTH ELEVATION
DATE | TIME | oF CASING | OF BORING | TO WATER WATER REMARKS
7-26 - 36.0 Pz - 34

9, -

- A
Note: Dé_dfhs_ are in feet below original ground _ _ —w=-- e o

BORING LOCATION SKETCH

|
{[\‘i"‘r RS

thnllmitd shewn as

L Ay ntrecting
{lice

- = 8 ¥
= K i
. 2
~ )
AN
= §8 o 3
\ N
~ Toa of dam (18340 X (-4 ~ torimareg !
e & 7 E § 8 § s 8 N\
9 SF1 — = )
o
A §

J”M

‘:’Anﬂ:u limiry far'q nre-%

- 6° treder )“.\,/\

7 tec

PLATE A.44
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FIELD LOG OF TEST BORING IN ROCK

sire_ DA/ IrEL  Dpm noLx no._FO—=T4-3 PAGE
DEPTH | KON DRILLING BERAVIOR BIT NO.
DATE PT. ::Tq lxg';-v REC;V'Y prED ATER R::):“ n:g.:::c :'1“2,3 ADDITIONAL
rrOM| Y0 _ POLL TINE TYPE REMARES
7-20-4¢|g20 o | T |42 15020 | €% B wo el [ZHrs J0maj Z‘%}Dj@ new BT
464 |si5|s0  [SD 1So-200| €03ZH BRLFULL  |32ming | w C,qj’w”l
TOTAL BED ROCK DRILLED __9. 7  pemY
TOTAL BED ROCK RECOVERED _ 9,2~ FEETY priLLER DAV)ID BoquA)
BFD RUCK RECOVERY PERCENT TRPECTOR _DoQ S Jnes

SY'V 3lvid

NED /0%

otC &3

130

PEFLAZLT 7

TICH OF APh &3 WH' H MaY B US[™ UnTIL (YRAUSTED



9Y'Vv 31Vd

SITE: ORING NUMBER:
DATE: IEZOMETER NUMBER
START TIME . DATUM ELEVATION:
POOL ELE.: NTIAL WATER DEPTH

"FROM TOP OF RISER

LAPSE TIME| CLOCKTIME | DEPTH lELEVATION

00:00:00 12:40:00 PM 567.2
00:00:15 12:40:15 PM 565.2
00:00:30 12:40:30 PM 562.9
00:01:00 12:41:00 PM 557.0
00:02:00 12:42:00 PM 552.6
00:04:00 12:44:00 PM 5427
00:08:00 12:48:00 PM 533.3
00:15:00 12:55:00 PM 530.2
00:30:00 01:10:00 PM 529.4
01:00:00 01:40:00 PM 529.4
02:00:00 02:40:00 PM 529.4

DATE REVISED: 09/02/94

INSPECTOR: i

REMARKS:

09/02/94

BWPZ03AF.WK4
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SITE: ORING NUMBER:
DATE: IEZOMETER NUMBER F
START TIME “DATUM ELEVATION:
POOL ELE.: NTIAL WATER DEPTH
FROM TOP OF RISER
LAPSE TIME| CLOCKTIME | DEPTH |ELEVATION
00:00:00 12:45:00 PM : 567.3
00:00:15 12:45:15 PM 567.2
00:00:30 12:45:30 PM 567.1
00:01:00 12:46:00 PM 566.9
00:02:00 12:47:00 PM 566.7
00:04:00 12:49:00 PM 566.3
00:08:00 12:53:00 PM 565.3
00:15:00 01:00:00 PM 564.0
00:30:00 01:15:00 PM 560.5
01:00:00 01:45:00 PM 556.8
02:00:00 02:45:00 PM 554.5
DATE REVISED: [ 09/02/94]
INSPECTOR: §
REMARKS:

09/02/94

BWPZ03BF.WK4
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Standard 1

The following standards and procedures are employed for
Crest Monument Surveys at Blackwater Dam

STANDARDS FOR SETTLEMENT SURVEYS

1. Control points are stamped brass disks preferably set in a

ledge area.

Where no ledge is available, they are set in

concrete bounds placed flush with the ground.

2. Control points are set in areas such that the maximum
possible number of crest monuments on the dam are visible.

3. Control points are tied into
distance.

settlement surveys or allow them to

destroyed.

four reference points by

This provides a check each time they are occupied for

be replace if found to be

4. Distances are read and recorded between settlement bounds.
Both distance and angle are read and recorded from the control
points that are being occupied to locate each settlement bound on

the dam.

5. In iocating each settlement bound,

a control point will be

occupied setting 0-00'-00" (referenced line of site) on a second

control point,
angle closure,
located on the dam.
minimum of two control points.

reading and recording both interior and exterior
along with distances through each settlement bound
Each settlement bound is located from a
These locations are third order,

class II survey with relative accuracies of not less than 1 part

in 5,000.

6. Levels are run from control points through each settlement

pound on the dam with a return run back 1nto the control points

to check the elevation closure on the run.

should be no greater than 0.05'.

Closure tolerance
These levels are third order,

class I survey with relative accuracies not less than 1 part in

10,000.

7. cCrest monument surveys are performed using Topcon EDM Total
Stations and recording both horizontal angles and horizontal

distances.

PROCEDURE FOLLOWED FOR SETTLEMENT SURVEYS

The horizontal and vertical
bound movement points employed a
trilateration angle and distance
network. Control points, in ‘the
were placed on the dam structure

monitoring plan for settlement
combination of triangulation and
techniques to survey the control
form of stamped brass disks,

in a location that is clearly

PLATE B.1



visible from the control points. Horizontal coordinates of the
control points are based on the State Plane Coordinate System.
Elevations of the control points are bawd on the National
Geodetic Vertical Datum (NGVD) . Control points are occupied
utilizing an EDM Total Station; observed distances and angles
(interior and exterior angles), between control points and
settlement bound establishing permanent bench marks. Standard
leveling techniques are followed. Levels are double run and the
means of the front and back runs were computed and recorded.

DATA ADJUSTMENT

A combination of Criangulation and trilateration surveying
Cechniques are applied. Each crest monument is located from two
control points and two sets of coordinates are calculated using
adjusted field angles and compliments and EDM distances. The two
sets of coordinates are averaged to give a net result, The
averaged coordinates are then established on each settlement
bound for use in determining shifts in the dam surface structure
over a period of years by comparing repetitive surveys.

PLATE B.2



Blackwater Dam
Piezometer Reading Schedule

1. General. piezometers are utilized to measure ground water levels and pore water
1 essures both in the foundation and the embankment of the dam. Experience has shown
. Jat installation of piezometers in the embankment and their foundation provides
significant data indicating the magnitude and distribution of pore pressures and
rheir variations with time and also patterns of seepage, zones of potential piping,

. 1@ the effectiveness of under seepage control.

2. Piezometer Tidings. AC the present time, files are maintained for dams which have
serating piezometers and most of the data is put on the computer. Data is
_-ansmitted to GED in writing by the project manager. Piezometer data should be
reduced in the field and cach reading compared with previous data; thus, if a
-‘ezometer has an unusual reading, the reading can be checked immediately. Pool
. evations and rainfall data should recorded simultaneously with the pliezometer
readings.

a. Reading Schedules.

(1) Routine. During periods when the reservoir level is below the 20
“~ot stage (535 feet NGVD), a reading of all pilezometers should be taken at least
1ce a month. These readings, along with the previous 24 hour rainfall, time of
+eading, and pool stages, chould be sent to the Geotechnical Engineering Division
(GED) . When access CtO piezometers 1is made hazardous due to sSnow oOr ice, the readings
3y be deferred until safe access is possible.

(2) High Pool. During periods when the reservoir is above the 20 foot
tage (535 feet NGVD), readings of all piezometers should be made on a daily basis.
revious 24 hour rainfall, time of reading, and pool stages should be recorded

‘Simultaneously with piezometer readings. On a falling pool, daily readings should
continue until five day after the pool stage returns to 5 foot (Ele. 520.0).

b. Data Collection.

(1) Location Maps. A general plan of the project showing the location

f the piezometers and the corresponding identification number for each piezometer 1is
‘provided to eliminate identification and data recording.

(2) Data Collection Table. A table listing the piezometer
_.dentification number, stzation and offset, as well as piezometer tOD and tip
elevation is provided for recording and submitting piezometer readings. It should be

oted that when two pliezometers are located in the same protective casing, each shall
e designated with a number as well as an wpt or "B". The letter "A" will indicace
the deeper pilezometer tiz and the letter wg" shall designate the more challow tip for

azch location.

= (3) Destination. All data should be sent to the following address:

CENEN-ED-GD
RE: PIEZOMETERS
[=)

New England Division
U.s. Army Corps of Engineers
424 Trapelo Road
B Waltham, MA 02254-9149
(4) Special conditions. If unusual changes 1n rezdings
jevelop or if piezomete become incperable, Geotechnical Engineerind
[

s be
Division should be con cred immediately.

— PLATE B.3



Piezometer Time History
Pool Elevation, PZ-1A, PZ-2A, and PZ-3A
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GEI Consultants, Inc. Blackwater Dam Project 97494
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Piezometer Time History
Pool Elevation, PZ-1B, PZ-2B, and PZ-3B
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April 1996 High Pool Event

Pool Elevation, PZ-1A, PZ-2A, and PZ-3A
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Project 97494
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Elevation, feet (NGVD)

GEIl Consultants, Inc.

560

April 1996 High Pool Event
Pool Elevation, PZ-1B, PZ-2B, and PZ-3B
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Piezometer Elevation vs. Pool Elevation
PZ-1A
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Piezometer Elevation vs. Pool Elevation
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Piezometer Elevation vs. Pool Elevation
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Piezometer Elevation vs. Pool Elevation
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Piezometer Elevation vs. Pool Elevation
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